Journal  of  the 
Forest  Products 


Research  Society 


t 


JOURNAL  of  the  FOREST  PRODUCTS  RESEARCH  SOCIETY 


EDITORIAL  COMMITTEE 


Chairman:  Dr.  Irving  H.  Isenberg,  Institute  of  Paper  Chemistry, 
Appleton,  Wisconsin 


Francis  J.  Champion,  Information  Specialist, 
Division  of  Information  and  Education 
U.  S.  Forest  Products  Laboratory 
Madison,  Wisconsin 


Frank  J.  Rovsek,  Executive  Secretary 
Forest  Products  Research  Society 
Box  2010,  University  Station 
Madison,  Wisconsin 


EXECUTIVE  BOARD  of  the  SOCIETY 

President  ROY  M.  CARTER 

Professor,  School  of  Forestry,  North  Carolina  State  College,  Raleigh,  North  Carolina 

President-Elect  -  KENNETH  G.  CHESLEY 

Director  of  Research,  Crossett  Lumber  Company,  Crossett,  Arkansas 
Vice  President  ROBERT  D,  PAULEY 

Manager,  Development  Center,  Weyerhaeuser  Timber  Co.,  Longview,  Washington 
Past  President  JAMES  F,  HAMILTON 

Director  of  Research,  U.  S.  Bobbin  and  Shuttle  Co. ,  Lawrence,  Massachusetts 
Executive  Secretary  — — --------- — FRANK  J,  ROVSEK 

Northeast  -  W.  BURDETTE  WILKINS ' 

Consulting  Engineer,  Ridgewood,  New  Jersey 

Northwest  - - - FRED  R.  ARMBRUSTER 

Manager,  Sales,  Northwest,  Dow  Chemical  Company,  Seattle,  Washington 

North-Central  -  RALPH  H.  BESCHER 

Manager,  Technical  Dept.  ,  Wood  Preservation  Div. ,  Koppers  Co. ,  Inc.  ,  Orrville,  Ohio 
Southwest  L.  J..  CARR 

General  Manager,  L.  J.  Carr  and  Company,  Sacramento,  California 

Southeast  -  RICHARD  J.  HERTZ LER 

Flood  Control  Survey  Officer,  Technical  Staff,  Secretary  of  Agriculture,  Washington,  D.  C. 

South-Central  -  M.  B.  CHRISTIAN 

Director  .of  Research,  Chicago  Mill  and  Lumber  Company,  Tallulah,  Louisiana 

SECTION  CHAIRMEN 

Deep  South  Midwest  Pacific  Southwest 

C.  H.  Jeter,  A. T.  Hodges  In-  F.  F.  Beil,  Curtis  Co.,  A.  V.  Pedersen, 

dustries,  Inc. ,  Shreveport,  La.  Inc.,  Clinton,  Iowa  Economy  Farm  Structures, 

Los  Angeles,  California 

Florida-Georgia- Alabama  Nor  the  ast 

J.A.  Greenwald,  Jr.,  Draworth  F.  E.  Dickinson,  Yale  School  Upper  Mississippi  Valley 

Inc.,  Tampa,  Florida  of  Forestry,  New  Haven,  Conn.  Arne  K.  Kemp,  Acting 

University  of  Minnesota, 

Great  Lakes  Northern  California  St.  Paul,  Minnesota 

A.  J.  Panshin,  Michigan  State  Ray  E.  Shreck,  Union  Lumber 

College,  East  Lansing,  Mich.  Co.  ,  San  Francisco,  Cal.  Virginia-Carolinas 

R.  G.  Lenox,  Williams 

Inland  Empire  Pacific  Northwest  Furniture  Company,  . 

T.  C.  Spaulding,  Montana  State  Carl  C.  Castle,  the  Dow  Sumter,  South  Carolina 

University,  Missoula,  Mont.  Chemical  Co,  Seattle,  Wash. 


The  Journal  of  the  Forest  Products  Research  Society  is  published  at  Madison,  Wisconsin  by  the 
Forest  Products  Research  Society,  Box  2010,  University  Station,  Madison  5,  Wisconsin.  Sub¬ 
scription  is  included  at  no  additional  cost  with  voting,  associate,  and  supporting  memberships. 
Single  copies,  $2.50,  postpaid.  Remittances  should  be  made  payable  to  the  Forest  Products 
Research  Society. 

Correspondence  concerning  editorial  matters  should  be  addressed  to  Frank  J.  Rovsek, 
Executive  Secretary,  Forest  Products  Research  Society,  Box  2010,  University  Station,  Madison  5, 
Wisconsin.  Copyright,  1951,  by  the  Forest  Products  Research  Society,  Madison  5,  Wisconsin. 


ERRATUM 
Volume  1,  NOc  1 


Sequence  of  pages  21  •  24  should  be: 
Pages  20»  23,  21,  22  and  24. 


1, 


I 


J 


I 


Journal  of  the  Forest  Products  Research  Society 


Vol.  1,  No.  1  September,  I95I 


(Continued  from  cover) 

Small  Sawmill  Set  Works . Jack  Ellersick  49 

Swedish  Gang  Mills  in  the  Inland  Empire. ^ . Larry  O'Neil  51 

Utilization  of  Cedar  Slash . D.  S.  Olson  53 

Utilization  of  Slash  by  Chipping . E.  E.  Hubert  55 


IV  -  MIDWEST  SECTION  MEETING,  Rockford,  Illinois,  November  16,  17,  1950 


Care  and  Maintenance  of  Carbide  Woodworking  Tools  . Robert  D.  Brooks  57 

Conservation  of  Lumber  Through  Removal  0/  Defects  . F.  J.  Held  61 

Proper  Use  of  Chisels  and  Bits  in  Mortising  and  Boring  Equipment . A.  H.  Hawkinson  64 


V  -  NORTHERN  CALIFORNIA  MEETING,  San  Francisco,  Calif.  November  6,  1950 


Application  of  Scientific  Thinking  to  Logging  Operations  .  . 
On  Job  and  Related  Training  in  the  Woodworking  Shop  .  .  .  . 
Some  Practical  Applications  of  Wood  Chemistry  Research 
Tree  Farms  and  Forest  Research . 


,  .  .  William  E.  Rand 

. .  J.  G.  Ennis 

Arthur  B.  Anderson 
. . . . George  L.  -Drake 


68 

71 

72 
75 


VI  -  NORTHEAST  SECTION  MEETING,  Gardner,  Massachusetts,  November  9,  10,  1950 


Advantages  of  Working  to  Gauges  in  Machining  Small  Wood  Parts .  Harold  P.  Jopson  78 

Quality  Control  in  Furniture  Manufacturing  and  its  Relation  to  Cost . Paul  B.  Posser  81 

Quality  Control  in  Relation  to  Product  Cost . S.  R.  Curtis  84 

VII  -  PACIFIC  NORTHWEST  SECTION  MEETING,  Shelton,  Wash.  ,  November  15,  1950 


Second-Growth  Douglas  Fir  Lumber . E.  E.  Matson  87 

How  Insulating  Board  Products  are  Made  by  the  Simpson  Logging  Co . A.  T.  Walton  91 

Problems  and  Economics  of  Timber  Production  on  a  Second-Growth  Forest . Roy  Stier  95 

VIII  -  PACIFIC  NORTHWEST  MEETING,  Corvallis, 'Oregon,  February  6,  1951 

Chemicals  from  Douglas  Fir  Bark . E.  F.  Kurth  98 

The  Compression  of  Douglas  Fir  Veneer  During  Pressing . M.  D.  Macdonald  103 

Integrated  Manufacturing,  An  Aid  in  the  Management  of  an  Over-Mature  Stand. . 

. . . Robert  P.  Conklin  115 

Wood-Gas  Turbine  Research . George  Atherton  117 

IX  -  PACIFIC  NORTHWEST  SECTION  MEETING,  Victoria,  B.  C.  ,  May  21,  22,  1951 

Cedar  Leaf  Oil  Extraction . James  A.  Cochrane  120 

Developing  Lumber  Markets  . G.  Cleveland  Edgett  124 

The  West  Coast  Plywood  Industry  and  Foreign  Competition . John  Bene  128 

X  -  PACIFIC  SOUTHWEST  MEETING,  Los  Angeles,  California,  October  11,  1950 

Importance  of  Moisture  in  Wood . .  .Arthur  Koehler  132 

Incineration  of  Wood  Waste  in  the  Los  Angeles  Area . 

. Robert  L.  Chass  and  Edward  S.  Feldman  135 

Wood  Waste  and  Resin  Products--Their  Application  and  Physical  Properties . 

. Herman  Miller  145 

XI  -  VIRGINIA-CAROLINAS  SECTION  MEETING,  Roanoke,  Va.  ,  November  3,  1950 


Cost  and  Quality  Results  from  the  Use  of  a  Very  High  Feed-Speed  Moulder . Howard  Finn  1 50 

Cut-Control  Saw . Sterling  H.  Durst  151 

Economies  from  the  Use  of  Improved  Cutters  in  Woodworking  Plants . S.  S.  Sechrist  155 

Open  Season  on  Saws . . L.  H.  Reineke  157 

Quality  Control  in  Lumber  and  Veneer  Drying . Charles  Latimer  160 

Tolerances  and  Precision  in  Machining  Wood . D.  Morton  Rose  164 


XII  -  ABSTRACTS 


166 


JOURNAL  of  the  FOREST  PRODUCTS  RESEARCH  SOCIETY 


SUPPORTING  MEMBERS 


A 

AETNA  PLYWOOD  AND  VENEER  COMPANY 
AMERICAN  DEFIER ATOR,  INC. 

AMERICAN  MARIETTA  COMPANY 
B 

BAKER  FURNITURE,  INC. 

THE  BALDWIN  COMPANY 
BAXCO  CORPORATION 

BLOEDEL,  STEWART  &  WELCH  LIMITED 
THE  BORDEN  COMPANY,  CHEMICAL  DIVISION 
BRADLEY  LUMBER  COMPANY  OF  ARKANSAS 
BRITISH  COLUMBIA  LUMBER  MANUFACTURERS' 
ASSN. 

E.  L.  BRUCE  CO. 

BUCKEYE  SCREEN  &  WEATHERSTRIP  COMPANY 
C 

CALIFORNIA  CEDAR  PRODUCTS  COMPANY 
CALIFORNIA  REDWOOD  ASSOCIATION 
WM.  CAMERON  &  COMPANY,  INC. 

CANADIAN  FOREST  PRODUCTS  LTD. 

L.  J,  CARR  &  CO. 

CASCADE  PACIFIC  LUMBER  CO. 

CASCADES  PLYWOOD  CORPORATION 

THE  CHAMPION  PAPER  AND  FIBRE  COMPANY 

CHAPMAN  CHEMICAL  COMPANY 

THE  CONNOR  LUMBER  AND  LAND  COMPANY 

PETER  COOPER  CORPORATION 

CRANE  MILLS 

CRAWFORD  FURNITURE  MANUFACTURING  CORP. 
CROSSETT  LUMBER  COMPANY 
CURTIS  COMPANIES,  INC. 

D 

DEER  PARK  PINE  INDUSTRY,  INC. 

DELUXE  SAW  tc  TOOL  CO. 

DIERKS  LUMBER  &  COAL  COMPANY 
DOUGLAS  FIR  PLYWOOD  ASSOCIATION 
THE  DOW  CHEMICAL  COMPANY 
DOWNINGTOWN  MANUFACTURING  COMPANY 
DRAPER  CORPORATION 
THE  DUNBAR  FURNITURE  MFG.  CO. 

E 

EATONVILLE  LUMBER  COMPANY 
EVERETT  PIANO  COMPANY 
F 

FOX  BROS.  MANUFACTURING  COMPANY 

FRICK  COMPANY 

FYLES  fc  RICE  COMPANY,  INC. 

G 

GREENLEE  TOOL  CO. 

GUNNISON  HOMES,  INC. 

H 

HEYWOOD-WAKEFIELD  COMPANY 
EDWARD  HINES  LUMBER  CO. 

A.  J.  HODGES  INDUSTRIES,  INC. 

HOLT  HARDWOOD  CO.  * 

WILLIAM  HULBERT  MILL  COMPANY 
1 

IVORY  PINE  COMPANY 
J 

JOHNSON  k  CARLSON 


K 

KETCHIKAN  SPRUCE  MILLS 

THE  KIRK  AND  BLUM  MFG.  COMPANY 

KOPPERS  COMPANY,  INC. 

L 

LIGHTSEY  BROTHERS 
LONG-BELL  LUMBER  COMPANY 
LOUISIANA  LONG  LEAF  LUMBER  COMPANY 
M 

H.  R.  MACMILLAN  EXPORT  CO.,  LTD. 
MARATHON  CORPORATION 
THE  MEAD  CORPORATION 
MEMPHIS  HARDWOOD  FLOORING  COMPANY 
MEREEN-JOHNSON  MACHINE  COMPANY 
MONSANTO  CHEMICAL  COMPANY 
MOSINEE  PAPER  MILLS  COMPANY 
D.  J.  MURRAY  MANUFACTURING  COMPANY 
N 

J.  NEILS  LUMBER  COMPANY 
NORTHWEST  FURNITURE  MANUFACTLRERS' 
ASSN. 

O 

OREGON  LUMBER  COMPANY 
OVAL  WOOD  DISH  CORPORATION 
P 

PAINE  LUMBER  COMPANY,  LTD. 

PERKINS  GLUE  COMPANY 
PHILCO  CORPORATION 
POTLATCH  FORESTS,  INC. 

R 

RHINELANDER  PAPER  COMPANY 
RILCO  LAMINATED  PRODUCTS,  INC. 

D.  M.  ROSE  &  COMPANY 

S 

SCOTT  LUMBER  COMPANY,  INC. 

SIMPSON  LOGGING  COMPANY 
W.  T.  SMITH  LUMBER  COMPANY 
SOUTHERN  WOOD  PRESERVING  COMPANY 
A.  G.  SPALDING  &  BROS.  INC. 

STA-WARM  ELECTRIC  COMPANY 
STEGER  FURNITURE^^JMFG.  CO. 
STETSON-ROSS  MACHINE  COMPANY 
STIMSON  LUMBER  COMPANY 
T 

TENNESSEE  PRODUCTS  &  CHEMICAL  CORP. 
THOMASVILLE  CHAIR  COMPANY 
TIMBER  STRUCTURES,  INC. 

U 

UNITED  STATES  PLYWOOD  CORP. 

V 

VAUGHN  MILLWORK  CO. 

W 

J.  I.  WELLS  COMPANY 

WEST  COAST  LUMBERMEN'S  ASSOCIATION 
WESTERN  PINE  ASSOCIATION 
WEYERHAEUSER  TIMBER  COMPANY 

E.  K.  WOOD  LUMBER  CO. 

WOOD  MAGAZINE 


Adhesive  Bonded  Refrigerator-Freight  Cars 

FRANCIS  H.  SNYDER,  President,  Snyder  Chemical  Corp.  ,  Bethel,  Conn.  ,  and 
CLARENCE  J,  PLISKY,  Vice  President,  Pressed  Steel  Car  Co.  ,  Chicago,  Ill. 


The  "UNICEL"  refrigerator-freight  car 
described  in  this  paper  is  based  upon  a 
design  by  Mr.  Bertrand  Goldberg  of  the  firm 
of  Atwood  and  Goldberg  in  Chicago.  The 
engineering  and  construction  of  the  cars  has 
been  accomplished  by  the  Pressed  Steel  Car 
Company  under  the  direction  of  Mr.  John  I. 
Snyder,  President,  and  Mr.  Clarence  J.  Plisky, 
Vice  President.  The  Snyder  Chemical  Corp¬ 
oration  has  participated  in  the  development  to 
the  extent  that  it  has  provided  the  phenolic  ad¬ 
hesives  required  for  this  work,  and  has  assisted 
in  the  development  of  the  wood  and  adhesive 
technologies.  Snyder  Chemical  Corporation  has 
also  developed  the  plastic  skins  for  exterior  and 
interior  surfaces. 

CONSTRUCTION 

The  "Unicel"  car  is  in  effect  a  continuous  box 
girder  enclosing  a  three-dimensional  space 
approximately  50  feet  long,  9  feet  high  and  9 
feet  wide.  (The  exact  inside  dimensions  are; 
width  9  feet  2  inches;  height  9  feet  ll-l/Z  inches; 
length  50  feet  6  inches. )  It  is  well  known  that 
the  cellular  type  of  construction  comprising  a 
framework  of  spacers  with  faces  applied  to  each 
side  by  means  of  adhesives  represents  the  highest 
strength  to  weight  ratio  ever  achieved.  Such 
structures  are  at  once  enormously  rigid  and 
beautifully  capable  of  absorbing  stress.  Any 
transverse  load  applied  to  such  a  box-girder 
structure  must  place  one  side  under  tension 
and  the  opposite  side  under  compression,  and 
actual  stretch  and  compression  must  occur  be¬ 
fore  deflection  can  be  observed.  When  such  a 
box  girder  is  made  continuous,  that  is,  warped 
around  into  a  configuration  which  encloses  three- 
dimensional  space,  you  then  have  a  combination 
of  the  properties  of  the  box  girder  and  the  con¬ 
tinuous  arch,  the  latter  being  ideally  represented 
in  nature  by  the  egg  shell.  As  is  well-known,  a 
hen's  egg  when  properly  supported  on  end  can 
support  the  weight  of  a  man  with  ease,  and  this 
strength  is  derived  from  the  shape  of  the  shell 
almost  entirely,  since  the  material  itself  is, 
of  biological  necessity,  weak  and  brittle. 

The  car  is  constructed,  as  will  be  seen  from 
the  cutaway  drawing(Fig.  l)of  two  skins  of  ply¬ 
wood  bonded  to  a  fr2UTiework  of  wood  strips.  The 
outside  skin  is  made  of  3/8 -inch  plywood  and  the 
inside  is  5/8-inch  plywood.  The  production  of 
the  cars  involves  the  separate  fabrication  of 
eight  major  panels  comprising  the  bottom,  top, 
two  ends  and  four  side  sections.  In  addition. 


there  are  a  number  of  right-angle  molded 
wood  laminates  which  carry  the  stresses  at 
right  angles,  for  example,  from  the  side  to 
the  top  and  to  the  bottom  and  to  the  ends  of 
the  car.  The  floor  is  heavily  reinforced  as 
shown.  The  ends  are  made  up  of  3-5/8-inch 
wide  strips  of  plywood  bonded  together  flat¬ 
wise  producing  an  enormous  slab  of  launinated 
wood  approximately  nine  feet  high,  nine  feet 
wide  and  3-5/8  inches  thick.  These  laminated 
bulldozer  ends  are,  in  effect,  used  as  the  cores 
of  the  car  ends  since  the  plywood  skins  are  car¬ 
ried  over  the  ends  as  well  as  the  rest  of  the 
inside  and  outside  areas.  The  total  finished 
thickness  of  the  ends  is  about  five  inches  of 
solid  laminated  wood. 

At  either  end  is  a  yoke  block  which  is  bonded 
to  the  bottom  of  the  car,  and  through  v'hich  the 
trucks  are  bolted.  This  yoke  block  is,  in  effect, 
a  single  plywood  panel  4  feet  4  inches  wide,  10 
feet  long  and  about  10-1/4  inches  thick  containing 
80  plies  of  approximately  l/8-inch  fir  veneers. 

It  is  actually  produced  by  laminating  16  plies 
composed  of  5/8-inch  plywood.  This  yoke  block 
also  contains  a  machined  cavity  in  which  a  spe¬ 
cially  designed  coupling  bar  is  located.  This 
coupling  bar  has  a  heavy  plate  at  the  end  which 
fits  in  a  slot  at  right  angles  to  the  direction  of 
pull.  This  slot  contains  a  specially  designed 
rubber  shock-absorbing  gear  which  holds  the 
coupling  snugly  in  place  and  acts  as  a  bumper 
in  either  compression  or  tension.  Starts  and 
stops  are  free  of  the  crash  usually  associated 
with  freight  cars. 

The  floor  panel  of  the  "Unicel"  car  is  in  itself 
an  enormous  laminated  structure.  A  framework 
which  consists  of  7-l/2-inch  by  1-5/8-inch  stock 
(2  by  8's)  is  laid  up  as  showi  in  the  print.  Trans¬ 
verse  members  are  spaced  8  inches  apart  on 
centers.  Extended  inward  from  each  side  for  a 
distance  of  11-5/8  inches  is  a  solid  row  of  glue 
blocks  which  are  bonded  with  the  ssune  phenolic 
adhesive,  in  effect  producing  along  each  side 
of  the  car  floor  a  rail  about  13  inches  wide  and 
7-1/2  inches  deep  and  approximately  50  feet  long. 
The  entire  end  areas  which  are  approximately  9 
feet  square  are  extensively  reinforced  in  a  simi¬ 
lar  manner  with  glue  blocks.  To  this  tremen¬ 
dously  strong  framework  the  plywood  skins  are 
bonded  using  l-l/4-inch  plywood  for  the  floor  and 
3/4-inch  plywood  for  the  bottom  of  the  car.  Over 
the  floor  is  laid  the  replaceable  hardboard  wearing 
floor  1/4  inch  thick. 
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The  roof  of  the  car  is  made  up  of  216  16- 
inch  square  cells  composed  of  vertical  strips 
of  fir  1-5/8  inches  by  3/4  inch  or  standard 
1-  by  2-inch  stock,  plus  12  end  cells,  8  inches 
by  16  inches,  6  at  each  end.  The  total  number 
of  cells  in  the  roof  panel  is  228.  The  exterior 
plywood  skin  is  3/8  inch  amd  the  inside  ceiling 
plywood  is  3/8  inch.  This  unit  is  also  made  up 
as  a.  single  box  girder  in  which  no  metal  fas¬ 
teners  of  any  kind  are  used,  the  entire  structure, 
which  is  49  feet  4  inches  long  and  8  feet  1-1/2 
inches  wide  being  adhesive  bonded. 

The  two  sidewalls  are  made  up  of  two  panels 
for  each  sidewall,  8  feet  1-1/2  inches  in  height, 
and  these  panels  are  constructed  in  exactly  the 
same  manner  as  is  the  roof  panel  except  that 
l/2-inch  plywood  is  used  for  the  inside  grain. 

The  interior  of  the  car  has  a  perfectly  smooth 
flush  finish  with  renewable  Alaska  cedar  leuling 
strips  let  into  the  walls.  There  are  also  steel 
pockets  of  a  new  design  for  attaching  metal 
strapping.  The  doors  are  much  larger  than  in 
conventional  cars  and  a  fork  truck  may  be 
driven  into  the  car  fully  loaded  and  the  lading 
placed  with  a  minimum  of  handling.  The  car 
floor  is  made  of  a  specially  treated  hardboard, 
and  is  renewable  in  whole  or  in  part. 

PLASTIC  SKINS 

As  we  all  know,  wood  is  a  superlative  struc¬ 
tural  material,  yet  its  unprotected  surface 
when  exposed  to  weather  deteriorates  rapidly. 

The  conventional  manner  of  protecting  wood 
surfaces  is  to  apply  several  coats  of  paint. 

This  is  entirely  suitable  so  long  as  the  coating 
is  maintained  in  perfect  condition.  Unfortunately, 
periodic  resurfacing  is  an  e^ensive  procedure. 
Further,  the  painted  surface  does  not  last  very 
long  nor  does  it  lend  itself  to  sterilization  and 
cleaning  with  modern  detergents  at  high  tem¬ 
peratures. 

In  an  effort  to  develop  a  more  suitable  pro¬ 
tective  surface  for  the  "Unicel"  cars,  it  has 
been  determined  that  a  plastic  covering  can  be 
bonded  under  heat  and  pressure  to  the  surface 
of  the  wood,  coincident  with  its  lamination. 

This  surfacing  material  is  made  up  as  follows: 

A  plastic  masking  sheet,  manufactured  by 
Crown-Zellerbach  Corporation,  is  laid  on  the 
plywood  assembly.  On  this  is  laid  a  white 
or  colored  paper  of  special  characteristics 
saturated  with  a  new  resin  (SYNCO  418-SCC) 
which  was  developed  for  high  performance 
decorative  applications.  Lettering  is  applied 
by  laying  on  die-cut  material  in  contrasting 
colors  but  of  identical  composition  otherwise. 

The  entire  assembly  is  pressed  at  about  150- 
175  psi.  and  300°  F.  for  a  sufficient  length  of 


time  to  cure  the  innermost  glue  lines  (5  to  8 
minutes).  A  polished  stainless  steel  or  chrome 
plated  caul  is  used  over  the  decorative  sur¬ 
face.  These  cauls  do  not  require  lubrication 
nor  cleaning  between  pressings.  The  masking 
sheet  permanently  protects  the  decorative 
surface  from  grain  rise  or  checking,  and 
eliminates  show-through  of  the  grain  of  any 
species 'of  wood,  including  Douglas  fir. 

The  decorative  plastic  skins  thus  produced 
have  characteristics  which  make  them  ideal 
for  this  type  of  service:  (a)  There  is  substanti¬ 
ally  no  maintenance,  since  periodic  refinishing 
is  not  necessary.  Its  wear  resistance  is  several 
times  that  of  any  other  coating,  (b)  It  is  con¬ 
siderably  tougher  and  much  more  abrasion- 
resistant  than  the  best  paint,  (c)  It  can  be 
easily  cleaned  with  any  of  the  modern  deter¬ 
gents,  or  soap  and  water,  (d)  It  can  be  steam 
sterilized!  (e)  It  is  resistant  to  substantially 
all  chemicals  and  solvents  whether  highly  acid 
or  alkaline,  (f)  Since  it  has  a  smooth  and  con¬ 
tinuous  surface,  it  provides  freedom  from 
cracks  in  which  dirt  may  lodge,  (g)  Its  glisten¬ 
ing  surface  is  extremely  attractive,  and  may 
be  had  in  any  color  for  both  inside  and  outside 
surfaces,  (h)  Car  markings  of  the  same  plastic 
can  be  pressed  on  simultaneously  with  the  ap¬ 
plication  of  the  plastic  surface,  making  them 
an  integral  part  of  the  exterior  skin,  (i)  The 
surface  is  completely  waterproof  and  seals 
the  wood  to  provide  an  impervious  moisture 
barrier,  (j)  Snow  and  sleet  have  little  tendency 
to  adhere  or  build-up  on  this  surface,  (k)  The 
cost  of  these  plastic  skins  is  less  than  the 
price  of  a  good  paint  job. 

The  cat  walks  are  of  expanded  metal  which 
provides  excellent  traction  and  freedom  from 
snow  and  ice  accumulation  at  reasonable  cost. 

The  car  is  longer  by  about  eight  feet  than 
the  conventional  car,  and  presents  therefore 
a  very  sleek  appearance.  Various  special  cars 
have  been  developed  for  handling  sugar,  flour, 
and  the  like  in  bulk,  and  these  cars  have  a 
flush-type  hopper  construction  and  a  plastic 
skin  inside  as  well  as  outside  which  permits 
steam  cleaning  and  sterilization  of  the  car 
prior  to  loading.  The  refrigerator  cars  are 
equipped  with  diesel  operated  frigidaire  units 
one  of  which  is  in  operation  at  all  times  to  keep 
the  lading  cold,  and  the  other  unit  cuts  in 
automatically  if  for  any  reason  the  first  unit 
fails  to  operate.  When  these  cars  are  on  a 
siding  refrigerating  units  are  plugged  into  any 
convenient  110-volt  circuit.  The  "Unicel"  car 
although  considerably  larger  than  a  conventional 
car  is  lighter.  The  weight  of  the  car  shown  is 
46, 000  pounds. 
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ADHESIVE  BONDED  R  E  F  RIG  E  R  AT  O  R  -  F  R  E  IG  H  T  CARS 


Lumber  men  will  be  interested  in  a  new 
design  engineered  specifically  for  shipping 
lumber,  plywood  and  mill  work.  This  car 
will  prevent  mildewing  and  deterioration  of 
wood  in  transit.  It  has  41  feet  of  door  space 
on  each  side  of  the  car — something  that  was 
considered  impossible. 

It  is  likely  that  very  little  in  the  way  of  main¬ 
tenance  will  be  required  to  keep  these  cars  in 
operation.  They  do  not  require  painting,  they 
are  not  subject  to  denting  and  other  impact  dam¬ 
age  suffered  by  steel  cars,  and  they  are  a  great 
deal  stronger. 

ADHESIVE  TECHNOLOGY 

Snyder  Chemical  Corporation  has  cooperated 
with  Pressed  Steel  Car  Company  on  this  develop¬ 
ment  since  its  inception.  The  designers  set  up 
an  adhesive  specification  along  the  following 
lines:  (1)  Adhesives  must  meet  CS-35-49  speci¬ 
fication  for  Type  I  bonded  exterior  grade  plywood, 
(2)  The  adhesive  must  have  a  record  of  proven 
durability  under  all  conditions  of  climate  and 
exposure.  (3)  The  adhesive  must  be  versatile 
in  that  it  mvist  be  capable  of  curing  to  give  bonds 
of  maximum  strength  and  durability  regardless 
of  whether  high-frequency  energy,  hot-press, 
cold-press  or  intermediate  temperature  bonding 
is  resorted  to  in  production.  (4)  Although  joint 
quality  is  paramount  to  all  other  considerations, 
reasonable  cost  is  naturally  an  important  factor. 

For  several  years  makers  of  station  wagon 
bodies  and  truck  bodies  have  been  using  the 
adhesive  which  has  been  specified  for  the  "Uni- 
cel”  car.  These  automotive  bodies  have  been  in 
operation  in  every  state  and  practically  every 
country  in  the  world  under  every  conceivable 
condition  of  climate  and  exposure.  We  have 
been  told  by  the  manufacturers  of  these  vehicles 
that  to  their  knowledge  there  has  never  been  a 
case  of  an  open  joint  or  any  other  failure  of  the 
adhesive  or  wood  adjacent  thereto.  Naturally, 
this  record  was  of  great  importance  to  the 
Pressed  Steed  Car  Company  in  determining  the 
adhesive  to  use  in  production. 

SYNCO  128-CLW  is  a  syrupy  liquid  which  is 
mixed  with  three  to  six  parts  of  Accelerator 
"D",  and  is  spread  in  the  conventional  manner 
and  the  assemblies  laid  up.  The  large  panel 
assemblies  are  made  by  spreading  the  adhesive 
at  the  rate  of  approximately  forty  pounds  per 
thousand  square  feet  upon  the  surface  of  the  ply¬ 
wood  panels.  Curing  is  effected  in  specially 
designed  presses  and  energy  is  provided  with 
a  60-KW  Thermex  RF  generator  for  the  larger 
assemblies.  Electrode  assemblies  are  arranged 
in  various  patterns.  Where  the  fabrication  of 
the  wall,  floor  and  roof  panels  is  concerned  stray 
field  heating  is  employed.  This  adhesive  is 


reasonably  selective  under  conditions  of  stray 
field  heating,  and  curing  times  range  from  a 
few  seconds  to  a  few  minutes  depending  upon 
the  area  being  bonded,  or  upon  the  available 
power -density.  The  bulldozer  ends,  the  heavy 
laminated  floor  sections  and  the  yoke  blocks 
are  cured  by  a  combination  of  mass  heating  to 
a  low  temperature  (about  120°  F. )  followed  by 
a  soaking  period  of  approximately  an  hour  in 
clamps  which  develops  full  cure  of  the  adhesive. 
These  large  structures  have  also  been  produced 
by  merely  clamping  up  the  assembly  and  leaving 
overnight  to  cure  at  room  temperature  (mini¬ 
mum  75°  F. ).  Such  assemblies  have  been  made 
in  pilot  production  with  equipment  consisting  of 
a  few  paint  brushes,  two  or  three  buckets,  a 
few  dozen  railroad  ties  2uid  some  bolts. 

Stored  heat  techniques  are  employed  in  some 
bonding  operations  where  extremely  heavy 
sections  must  be  produced  on  fairly  short  cycles 
and  when  for  one  reason  or  another  neithsr  direct 
thermal  heating  nor  high-frequency  heating  is 
practical  and  where  straight  room  temperature 
bonding  is  tqo  slow.  In  this  type  of  operation 
the  wood  is  heated  in  a  kiln  to  a  temperature 
from  100°  to  150°  F.  The  thoroughly  warmed 
wood  is  spread  with  the  adhesive  emd  the 
assemblies  laid  up  as  rapidly  as  possible. 

These  adhesives  though  very  fast  setting  for 
this  temperature  range  have  induction  periods 
of  several  minutes  during  which  no  apparent 
cure  of  the  resin  takes  place.  The  setting  of 
tke  adhesive  following  the  induction  period 
is,  however,  extremely  rapid  and  I  have  fre¬ 
quently  demonstrated  this  process  by  warming 
two  blocks  of  wood  under  an  infrared  lamp  for 
a  few  moments,  spreading  the  adhesive  on  the 
blocks,  laying  them  aside  for  a  minute  and 
then  holding  them  together  with  finger-tip  pres¬ 
sure  for  one  or  two  minutes.  Such  bonds  will 
show  substantially  100  percent  wood  failure  on 
breaking.  They  are  fully  waterproof  and  are 
as  strong  as  any  wood  joints  can  be. 

PERFORMANCE  TESTS 

The  Pressed  Steel  Car  Company  has  carried 
out  extensive  tests  on  two  types  of  cars;  one 
equipped  as  a  refrigerator  car  and  the  other  as 
a  standard  box  car.  The  refrigerator  car  was 
placed  in  a  cell,  one  wall  and  the  roof  of  which 
is  covered  with  infrared  lamps.  The  surface 
temperature  on  the  outside  of  the  car  was  main¬ 
tained  at  165°  F.  plus  or  minus  5°  F.  Several 
tons  of  ice  were  placed  in  the  car  and  the  car 
closed  to  determine  the  rate  of  thermal  transfer 
through  the  wall  of  the  car.  Under  these  drastic 
conditions  at  the  end  of  12-1/2  days  the  car  was 
opened  and  a  great  deal  of  ice  remained  un¬ 
melted.  The  cells,  sides,  roof,  and  floor  are 
filled  with  rubber -bonded  glass-fiber  insulation 
which  is  immune  to  vibration  and  other  forces 
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which  might  break  up  the  ordinary  mineral- 
wool  type  of  insulation.  The  box  car  has  been 
subjected  to  a  variety  of  tests  in  addition  to 
this.  These  include  longitudinal  deflection, 
transverse  deflection,  and  impact.  The  car 
whdi  loaded  with  130,  000  pounds  of  bricks  showed 
a  downward  deflection  of  the  floor  at  the  mid¬ 
point  of  the  car  of  .09  inch.  The  car  has  also 
been  subjected  to  a  wide  variety  of  impact  tests , 
most  of  which  consist  of  allowing  the  car  to  col¬ 
lide  at  various  speeds  with  the  test  car  both 
loaded  and  unloaded,  and  with  brakes  set  in  some 
cases  and  with  the  brakes  free  in  others.  Speeds 
of  from  four  to  ten  miles  per  hour  are  considered 
by  railroad  men  to  be  collision  speeds  which  pro¬ 
duce  serious  damage.  The  new  car  has  been  im¬ 
pacted  at  speeds  up  to  15  miles  per  hour ,  and  in 
repeated  impact  tests  against  a  standard  steel 
car  in  first-class  condition  tlie  adhesive  bonded 
cars  stood  up  without  showing  so  much  as  a  sur¬ 
face  crack.  The  simple  facts  are  that  by  every 
test  which  can  be  devised  to  show  the  strength, 
rigidity,  endurance  and  performance  of  the  new 
car ,  it  has  come  out  superior  to  any  other  type 
of  construction. 

One  very  important  fact  is  that  tests  have 
shown  that  the  new  car  is  much  easier  on  fragile 


types' of  lading  than  are  the  older  cars.  The 
American  railroads  bill  for  damages  to  lading 
was  over  135  million  dollars  in  1948.  It  is  con¬ 
fidently  expected  that  the  wide  use  of  this  car 
will  materially  reduce  this  figure.  A  great  deal 
less  steel  is  used  in  this  car,  and  as  a  matter 
of  fact  only  the  trucks  require  any  Considerable 
amount  of  this  critical  material. 

The  construction  method  which  comprises 
producing  the  several  components  as  completely 
fabricated  units  and  assembling  these  by  adhe¬ 
sive  bonding  to  the  molded  corner  sections, 
makes  it  possible  to  ship  these  cars  knocked 
down  for  assembly  at  any  desired  point.  Final 
assembly  requires  the  simplest  of  tool  and 
facilities,  and  the  importance  of  this  to  the 
military  for  getting  rolling  stock  overseas  can 
hardly  be  overestimated.  The  number  of  man 
hours  of  labor  required  to  build  a  car  is  sub¬ 
stantially  less.  Fewer  men  in  skilled  labor 
categories  will  be  needed,  and  this  will  release 
steel  workers,  welders,  and  sheet  metal  workers 
for  other  vital  industries. 

Finally,  the  car  is  going  to  cost  less.  A  rail¬ 
road  with  a  fund  sufficient  for  the  purchase  of 
1,  000  conventional  cars  can  with  the  same  amount 
of  money  purchase  1,200  "Unicel"  cars. 
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A  Comparison  of  Pentachlorophenol  Petroleum 
Solutions  and  Coal  Tar  Creosote  in  the  Pressure 
Treatment  of  Green  Southern  Yellow  Pine  Poles 

R.  T.  ROGERS  and  E.  A.  BEHR,  Chapman  Chemical  Co.  ,  Memphis,  Tenn, 


PURPOSE  OF  TESTS 


ork  on  penetration  of  five  percent  solutions 
of  pentachlorophenol  in  petroleum  into 
green  southern  yellow  pine  was  undertaken 
because  some  question  had  arisen  in  the  industry 
as  to  the  success  of  this  type  of  treatment.  In 
present  day  practice  poles  are  sometimes  cut, 
debarked,  and  treated  in  one  or  two  weeks' 
time.  Under  these  conditions  the  poles  are 
very  high  in  moisture  content  and  steaming 
does  not -materially  reduce  it. 

PREVIOUS  WORK 

As  far  as  is  known  no  data  have  been  published 
which  bear  specifically  on  penetration  and  dis¬ 
tribution  of  preservative-oil  solutions  in  gas 
oil.  Thousands  of  poles,  some  of  which  were 
undoubtedly  very  green,  have  been  given  com- 
mercial  treatments  with  202  type  preservative  — 
with  apparently  good  results  in  both  penetration 
and  retention  of  preservative. 
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With  our  own  laboratory  equipment  we  have 
pressure  treated  many  charges  of  lumber  in 
dimensions  up  to  six  by  six  and  at  moisture 
contents  up  to  85  percent  with  202  type  pre¬ 
servative.  In  addition  to  the  lumber  treatments 
we  have  treated  32  charges  of  southern  yellow 
pine  poles  in  a  study  of  bleeding  and  found  satis¬ 
factory  penetrations. 

TEST  PROCEDURE  AND 
EQUIPMENT  USED 

Six  3 5 -foot  poles  with  approximately  6 -inch 
tips  were  obtained  from  a  producer  near  Brook- 
haven,  Miss.  ,  who  had  instructions  to  cut  the 
trees  and  ship  them  with  bark  on  with  the  least 
possible  delay.  For  convenient  transportation 
the  poles  were  cut  in  two  at  the  mid-point,  and 
matching  ends  were  numbered  for  future  iden¬ 
tification. 
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designation  for  five  percent  pentachlorophenol 
in  a  gas  oil.  Specifications  appear  in  Table  6. 
This  designation  will  be  used  throughout  the 


paper. 
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Upon  arrival  at  the  plant,  the  poles  were  end- 
coated  with  a  moisture  resistant  paint  to  mini¬ 
mize  end  drying  and  then  stored  in  the  plant 
yard.  The  storage  period,  lasting  a  total  of 
21  days  for  the  last  piece  treated,  included 
only  two  clear  days  when  appreciable  drying 
could  have  occurred.  On  the  other  19  days  the 
poles  were  wet  almost  continuously. 

The  pole  sections  were  treated  separately, 
alternating  butts  and  tops  so  that  one  half  of 
each  original  pole  was  treated  with  202  pre¬ 
servative  and  the  other  half  with  creosote, 
except  for  one  pole,  both  ends  of  which  were 
treated  with  202  preservative.  The  series 
with  202  was  completed,  except  for  one  pole 
segment,  before  beginning  the  series  with 
creosote. 

Just  prior  to  treatment,  each  pole  was  hand- 
peeled  carefully  to  remove  all  inner  bark. 

Then  two  discs  one  inch  thick,  starting  from 
the  circumference,  and  the  remaining  core. 
These  sections,  together  with  the  whole  disc, 
were  oven  dried  for  moisture  content  and 
moisture  distribution  calculations,  results 
of  which  are  shown  in  Table  2.  The  whole  disc 
was  later  used  for  density  determination,  after 
having  been  saturated  with  water,  by  the  stan¬ 
dard  water -displacement  method.  Table  5 
shows  results  of  these  determinations. 

The  pole  section  remaining  for  treatment 
was  approximately  14  feet  long.  Its  volume 
was  calculated  from  measurements  of  its 
length  and  diamneter  at  the  butt,  middle,  and 
top.  It  was  then  weighed  and  placed  in  the 
cylinder  for  treatment. 

The  equipment  used  for  treatment  consists 
of  a  cylinder  18  inches  in  diameter  and  18  feet 
long  connected  in  the  usual  manner  with  an 
overhead  Rueping  tank,  underground  scale 
tank,  heat  exchanger,  air  compressor,  vacuum 
condenser  and  vacuum  pump.  The  over-all 
arrangement  makes  the  equipment  unusually 
well  adapted  to  accurate  measurement  of  the 
variables  throughout  the  treating  process. 

After  treatment  the  pole  was  removed  from 
the  cylinder  and  again  weighed  and  measured 
for  volume  determination.  When  it  had  cooled 
sufficiently  a  one  inch  disc  was  removed  from 
the  mid-point  for  oil  and  moisture  content 
determination.  This  disc  was  zoned  into  three 
sections  in  the  same  manner  as  the  green  discs 
and  then  chipped  and  extracted  over  boiling 
toluene.  The  water  distilling  off  was  collected 
and  weighed  and  extraction  was  continued  until 
all  oil  had  been  removed  from  the  chips.  The 
chips  were  then  oven  dried  and  weighed.  From 
the  data  thus  obtained  the  percent  of  oil  and 
water  in  each  zone  was  obtained  and  the  percent 


oil  was  converted  to  pounds  per  cubic  feet  on 
the  basis  of  actual  density  as  determined  ex¬ 
perimentally  and  recorded  in  Table  5. 

RESULTS 

Analyses  of  the  202  preservative  and  creosote 
used  in  this  work  appear  in  Tables  6  and  7  re¬ 
spectively.  Data  relating  to  treating  cycles 
and  results  of  the  treatments  are  recorded  in 
Table  1  where  the  order  of  arrangement  is 
designed  for  convenient  comparison  of  the  treat¬ 
ments  of  end-matched  pole  sections  with  the 
two  preservative  solutions.  The  sequence  of 
events  in  the  treating  cycles  was  the  same  as 
that  appearing  in  lines  11  through  17  in  Table  1. 

The  injection  shown  on  line  21  of  Table  1  was 
determined  from  loss  in  weight  of  the  scale 
tank  during  the  pressure  cycle,  and  is  subject 
to  some  error  due  to  temperature  changes  in 
the  cylinder  during  the  first  few  minutes  of  the 
cycle.  In  all  cases  the  figure  would  be  lower 
than  actual  injection  because  of  increasing 
cylinder  temperature  during  the  first  few 
minutes.  Initial  absorption  is  not  accounted 
for  since  it  is  not  normally  subject  to  measure¬ 
ment  in  the  equipment  used. 

Retention  (line  22,  Table  1)  was  calculated 
from  Rueping  tank  and  scale  tank  measurements 
before  and  Eifter  treatment.  The  preservative 
was  dehydrated  aiter  each  charge  to  remove 
the  variable  of  water  pick-up.  Trial  measure¬ 
ments  of  total  quantity  of  oil  consistently  check 
within  two  pounds.  The  remaining  data  in 
Table  1  are  self-explanatory. 

In  general,  the  creosote  treatments  were 
similar  to  those  in  commercial  use,  while 
the  cycles  with  penta  were  subjected  to  certain 
variations  with  the  purpose  of  reducing  treating 
time.  Reductions  in  steaming  time  were  based 
on  MacLean's—  calculations  of  temperatures 
to  be  expected  at  the  center  after  various  steam¬ 
ing  periods. 

Photographs  were  made  of  cross  sections  of 
the  poles  at  distances  of  5,  7.5  and  10  feet  from 
the  butt  to  show  penetration  results.  Three 
points,  beyond  the  normal  range  of  end  pene¬ 
tration,  were  chosen  to  minimize  the  possibility 
of  penetration  results  being  influenced  by  local 
variations  in  wood  properties.  In  the  case  of 
the  pentachlorophenol  treatments,  a  powder 
containing  an  oil-soluble  dye  was  dusted  onto 
the  planed  cross  section  to  intensify  the  color 
contrast  between  treated  and  untreated  wood. 


— MacLean,  J.  D.  ,  1935  Manual  on  Preservative 
Treatment  of  Wood.  U.  S.  Dept.  Agriculture, 
Misc.  Pub.  No.  224. 


TiBLE  2 


TABLE  5 


Moisture  Qradlant  Before  And  After  TreatB«Dt 


Moisture  Content  —  j  Per  Oren  Dtt  Weight 


Chg. 

1st 

2Qd 

Whols 

Ats.  2 

Mo. 

Condition 

Inch 

iaslL 

Ram. 

Alt. 

Pise 

Plaes 

U 

a 

78.4 

105.3 

67.3 

84.8 

86.6 

85.7 

t 

53.5 

85.4 

58.4 

64.0 

51 

C 

80.0 

97.7 

76.2 

85.5 

81.1 

83.3 

T 

43.0 

75.9 

77.6 

58.7 

47 

G 

92.5 

103.4 

61.4 

88.3 

85.8 

87.1 

T 

56.2 

76.5 

77.3 

67.5 

53 

G 

80.6 

98.9 

64.8 

83.3 

83.6 

83.4 

T 

55.3 

90.9 

65.9 

67.9 

48 

G 

119.5 

140.7 

125.5 

126.9 

130.6 

128.8 

T 

66.1 

97.8 

101.2 

82.1 

54 

G 

77.3 

86.4 

88.8 

82.7 

83.4 

83.1 

T 

52.2 

J4.0 

82.9 

69.1 

49 

G 

69.9 

84.3 

77.6 

75.6 

79.7 

77.7 

t 

45.3 

70.6 

64.2 

56.5 

55 

G 

75.4 

102.2 

103.2 

86.0 

90.0 

88.0 

T 

45.0 

86.5 

83.4 

61.4 

56 

G 

71.9 

82.7 

81.5 

78.0 

71.5 

74.8 

T 

44.2 

73.4 

70.8 

59.3 

52 

G 

82.1 

95.4 

96.3 

88.5 

89.4 

89.0 

T 

50.4 

83.0 

89.5 

67.9 

45 

G 

74.5 

86.4 

105.8 

85.2 

91.0 

88.1 

T 

48.3 

69.9 

78.4 

60.9 

46 

G 

129.C 

148.6 

137.9 

136.8 

133.4 

135.1 

T 

66.0 

103.4 

102.2 

83.2 

TABLE  3 

Oil  Distribution  after  Treatment 


Chg. 

Preser- 

oil  C(»itsiit 

fg  Per  Cubic  Foot 

Mo. 

vatlve 

Ist  Inch 

2nd  Inch 

Ram- 

Averags 

U 

202E 

U.12 

7.29 

6.51 

9.29 

51 

Crso. 

6.51 

4.64 

3.02 

5.30 

47 

202E 

13.42 

9.57 

9.20 

U.26 

53 

Crso. 

18.88 

7.22 

4.75 

13.08 

48 

202E 

11.17 

6.a 

3.05 

8.29 

54 

Crso. 

8.75 

4.66 

4.06 

6.40 

49 

202E 

10.33 

5.50 

8.27 

8.48 

55 

.  Crso. 

9.78 

6.25 

6.06 

8.35 

56 

20I2E 

13.83 

5.72 

5.25 

9.39 

52 

Crso. 

10.99 

4.17 

1.25 

7.03 

45 

2G2E 

11.60 

7.62 

5.33 

9.16 

46 

202E 

8.99 

3.70 

2.47 

6.34 

TABLE  b 

Oil  Distribution  After  Treataent 


Chg. 

Prsssr- 

Oil 

Contact  As  8  Of 

Total 

Ho. 

vativs 

1st  Inch 

2nd  Inch 

Ran. 

Ut 

202B 

Ut.6 

29.2 

26.1 

US 

202B 

U7.3 

31.0 

a.7 

U6 

202B 

59.3 

2lt.ll 

16.3 

U7 

202B 

ia.7 

29.7 

26.6 

UB 

2028 

5b.7 

30.b 

lb.  9 

U9 

2028 

b2.9 

22.6 

3b.3 

56 

2028 

55.6 

23.1 

21.2 

Are, 

2028 

U9.5 

27.2 

23.3 

51 

Crso. 

b‘;.9 

32.7 

a.3 

52 

Crso. 

67.0 

25.b 

7.6 

53 

Crso. 

61.2 

23.b 

I5.b 

5b 

Crso. 

50.1 

26.7 

23.2 

55 

Crso. 

bb.3 

26.3 

27.b 

Avs. 

Crso. 

53.7 

27.3 

19.0 

Density  Of  Pole  Sections 


Density  -  Lbs./Cu. 

Ft.  -  O.D.  Ht. 

W  Green 

Chg. 

No. 

Pole 

No. 

Sec. 

No, 

Butt 

Top 

Avera^^e 

bb 

1 

Top 

29.09 

27.72 

28. bl 

51 

1 

Butt 

3b.  15 

29.3b 

31.75 

b7 

b 

Butt 

33.  bO 

29.15 

31.28 

53 

b 

Top 

26.  b7 

28. bl 

28.bb 

b8 

5 

Top 

28.97 

26.  b7 

27.72 

5b 

5 

Butt 

3b.  65 

28.72 

31  69 

U9 

6 

Butt 

39.33 

31.65 

35.  b9 

55 

6 

Top 

31.53 

29.  bO 

30.b7 

56 

3 

Butt 

36.77 

30.53 

33.65 

52 

3 

Top 

30.8b 

30.03 

30.  bb 

US 

2 

Butt 

33.09 

29.15 

31.12 

U6 

2 

Top 

28.  b7 

28. bl 

28.  bb 

Ave.  for  Butts 
Ave.  for  Tops 
Grand  Average 

32.50 

28.99 

30.7b 

Table  6 

Analysis  of  Penta  Preservative  202E 


Pentachlorophenol  Content,  percent  5 

Gravity,  API  @  60°  F.  27 

Viscosity  @  100°  F.  ,  SUS  43 

Viscosity  @  180®  F.  ,  SUS  36 

Pour  Point*  Deg.  F.  10 

B.S.  &W.  .  percent  0.  2 

Flashpoint*  Deg.  F.  (P.M.)  220 

Color  8  NPA 

ASTM  Distillation 

IBP,  Deg.  F.  •  422 

10  percent.  Deg.  F.  460 

50  percent.  Deg.  F.  508 

90  percent*  Deg.  F.  576 

FBP,  Deg.  F.  640 


Table  7 

Analysis  of  creosote 


Viscosity  @  100**  F.  , 

SUS 

45.6 

210®  F.  , 

SUS 

32 

Specific  gravity  @  100**  F. 

1.0635 

Water,  percent 

Trace 

Benzol  Insoluble*  percent 

0.47 

Distillation: 

Percent 

Cumul.  percent 

To  210°  C. 

0.  92 

- 02 - 

210  -  235°  C. 

9.80 

10.72 

235  -  270°  C. 

31.  48 

42.20 

270  -  315°  C. 

22.  90 

65.10 

315  -  355°  C. 

16.  70 

81.80 

Residue 

17.66 

99.46 

Fig.  1  Cross  sections  from  treated  poles  --  charges 
44,  47,  48,  51,  53,  and  54. 


Fig.  2  —  Cross  sections  from  treated  poles  —  charges 
49,  56,  45,  55,  52,  and  46. 
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DISCUSSION  OF  RESULTS 

The  photographs  of  cross  sections  from  the 
treated  poles  (Figs.  1  and  2)  show  that  pene¬ 
tration  was  100  percent  of  the  sapwood  in  all 
cases  except  charge  52.  The  mate  to  this  pole, 
charge  56,  received  a  better  treatment  with 
202  preservative  with  a  saving  of  4-1/2  hours 
in  steaming-and-vacuum  time  alone  over  the 
customary  "one  hour  steam  at  20  pounds  per 
square  inch  for  each  inch  in  diameter.  "  The 
steaming  period  on  charges  48  and  49  also  was 
reduced  with  no  apparent  ill  effects,  indicating 
the  possibility  of  considerable  savings  of  time 
in  steam  conditioning  prior  to  treatment  with 
202  preservative.  It  is  not  wished  to  state, 
however,  that  similar  poles  could  not  be  well 
treated  with  other  oil  type  preservatives  with 
shortened  steaming  periods,  since  no  such 
schedules  were  used  in  this  test.  As  was  stated 
previously  we  desired  to  see  if  pentachlorophenol 
petroleum  would  give  as  good  or  better  treat¬ 
ments  than  creosote  and  the  shortening  of  the 
schedule  for  the  pentachlorophenol  solutions 
was  done  to  see  how  much  time  could  be  cut 
from  the  schedule. 

The  time  required  to  treat  to  refusal  is  con¬ 
sistently  less  with  202  than  with  creosote.  A 
comparison  is  shown  in  Table  1.  Charges  44 
and  45  which  were  subjected  to  pressure  longer 
than  was  necessary  because  of  leaks  in  the  sys¬ 
tem,  are  not  typical  of  usual  schedule  for  using 
pentachlorophenol  on  pine.  In  this  connection 
it  is  interesting  to  note  the  treatment  given 
charge  46  with  only  a  25  minute  pressure  period 
up  to  a  meucimum  of  120  pounds  per  square 
inch.  Penetration  results  were  excellent  while 
the  oil  distribution  was  only  a  slightly  inferior 
to  that  obtained  in  the  full-time  treatments. 

Oil  distribution,  as  determined  by  extraction 
of  discs  from  the  middle  of  the  poles,  is  some¬ 
what  better  in  the  penta  treated  poles  than  the 
creosoted  ones  in  that  the  outer  inch  contains 
a  lower  percent  of  the  total  oil  and  the  center 
contains  a  higher  percent.  This  would  tend  to 
reduce  loss  of  preservative  through  bleeding 
and  provide  better  protection  when  seasoning 
checks  appear. 

It  will  be  noticed  that  initial  air  pressures 
required  for  a  given  retention  are  considerably 
lower  with  202  preservative  than  with  creosote. 
This  would  be  expected  to  promote  higher  gross 
absorption  of  202  preservative  with  correspond¬ 
ingly  better  penetration  and  distribution  in 
shorter  periods  of  time,  as  well  as  to  lessen  the 
tendency  of  treated  poles  to  bleed.  Also,  con¬ 
siderable  savings  will  be  evident  in  operation 
of  air  compressing  equipment. 


In  spite  of  the  low  moisture  content  values 
as  determined  by  oven  drying  samples,  it  is 
believed  that  the  poles  were  in  as  green  con¬ 
dition  as  would  normally  be  expected  in  com¬ 
mercial  operations.  Line  9  in  Table  1  shows 
average  moisture  content  values  as  calculated 
from  green  and  oven-dry  densities  of  the  wood, 
which  method  usually  gives  reasonably  accurate 
results.  These  values  are  invariably  higher 
than  those  determined  by  oven  drying  discs, 
indicating  that  the  discs  were  partially  d ried. 
Another  indication  of  this  was  the  frequent 
lack  of  agreement  in  moisture  content  between 
adjacent  discs  cut  at  the  same  time.  While 
this  variation  was  not  too  great,  it  was  greater 
than  normally  occurs  in  this  method  of  testing. 
Apparently  at  least  some  of  the  poles  had  been 
cut  for  some  time  before  shipment  to  the  plant, 
but  drying  was  localized  in  the  end  sections 
because  of  the  bark  having  been  left  on.  Even 
so,  several  poles  in  this  test  had  moisture 
contents  above  100  percent,  which  could  be 
considered  as  green  and  representing  the  type 
of  poles  to  be  expected  in  commercial  treating 
today. 

In  view  of  the  often  seen  statement  that  dry 
wood  is  more  easily  treated  than  green,  per¬ 
haps  one  should  investigate  these  penetrations 
more  closely.  In  short,  just  how  much  part 
does  the  moisture  content  play  in  the  pressure 
treatment  of  southern  yellow  pine.  It  might 
also  be  well  to  consider  pressure  treating 
plant  schedules  with  a  view  to  lessening  the 
time  of  treating,  since  good  results  were 
found  with  pentachlorophenol-petroleum  pre¬ 
servative  at  a  worth-while  saving  in  time. 

CONCLUSIONS 

(1)  Penetration  and  distribution  of  preser¬ 
vative  in  steamed,  green  southern  yellow  pine 
poles  treated  with  202  type  pentachlorophenol- 
petroleum  solution  are  at  least  as  good  as  in 
comparable  creosote  treatments. 

(2)  The  steaming  and  vacuum  time  required 
to  condition  green  southern  yellow  pine  poles 
for  treatment  with  202  pentachlorophenol- 
petroleum  solution  was  appreciably  less  than 
the  usual  conditioning  cycle  applied  before 
commercial  creosote  treatments,  and  gave 
excellent  results, 

(3)  The  time  required  for  maximum  injec¬ 
tion  of  preservative  into  steamed,  green  south¬ 
ern  yellow  pine  poles  of  equal  size  is  appreci¬ 
ably  less  than  for  202  type  preservative  than 
for  creosote  under  comparable  treating  condi¬ 
tions. 
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Fundamentals  of  Quality  Control 

CHARLES  LATIMER,  Engineer,  Nickey  Brothers,  Inc.  ,  Memphis,  Tenn, 


Quality  control  means  the  control  of  the 
variables  in  manufacturing  which,  when 
taken  into  account,  add  up  to  that  property  of 
a  product  recognized  as  quality  to  the  consumer. 
It  can  imply  the  difference  in  quality  between 
a  Ford  and  a  Cadillac,  for  example,  but  we 
are  concerned  here  with  conformity  to  standards 
such  that  all  Fords  coming  off  the  lines  are 
uniformly  of  about  the  same  quality.  Thus  qua¬ 
lity  control  implies  control  of  uniformity  of 
manufactured  products. 

THE  QUALITY  IDEA  LONG  IN  USE 

Quality,  and  the  control  of  it,  have  always 
been  two  of  the  fundamental  concerns  of  industry. 
The  successful  manufacturer,  throughout  the 
years,  has  had  to  constantly  strive  for  quality 
by  the  very  reason  of  his  continued  existence. 

Any  manufacturing  enterprise  mast  pay  some 
attention  to  quality  in  order  to  maintain  its  com¬ 
petitive  standing.  This  usually  means  a  system 
of  effective  trouble  shooting.  When  trouble 
arises,  an  investigation  is  made,  and  an  attempt 
is  made  at  locating  the  cause.  Often  whether 
or  not  the  true  cause  is  found,  some  action  is 
taken  to  prevent  its  recurrence.  It  is  often 
difficult  for  even  a  good  trouble  shooter  to  main¬ 
tain  the  proper  sense  of  values  in  this  work. 

For  example,  in  a  plywood  operation  a  cleaning 
rag  for  some  freak  reason  is  pressed  into  a 
piece  of  plywood.  Visualize  this  situation  merit¬ 
ing  considerably  more  attention  than  that  of 
some  small  indentation  being  continually  pressed 
into  panels,  and  being  removed  by  hand  in  a 
subsequent  operation.  In  contrast  with  trouble¬ 
shooting,  some  system  of  what  I  shall  call  "pre¬ 
ventive  quality  control"  would  be  better,  requir¬ 
ing  a  management  very  much  interested  in  the 
control  of  quality  and  taking  an  active  part  in 
the  decisions  made  regarding  quality.  It  must 
be  interested  in  establishing  a  reputation  for 
quality  both  among  its  employees  and  customers. 
The  men  in  the  plant,  the  tools  and  equipment 
used,  and  the  materials  supplied  must  be  con- 
sistant  with  a  policy  of  uniform  quality. 

But  the  quality  control  problem  can  only  be 
solved  by  establishing  the  most  economical  bal¬ 
ance  between  the  cost  and  the  value  of  quality. 

For  example  a  concern  producing  radio  equip¬ 
ment  for  the  signal  corps  during  the  war  was 
spending  as  much  as  ten  dollars  per  unit  in  its 
testing  program.  After  the  war,  this  company 


signed  a  long  term  contract  for  the  production 
of  similar  equipment  at  a  sale  price  of  $18.  75. 
Obviously  the  testing  program  could  not  continue 
on  the  ten-dollar  basis.  The  control  program 
must  be  kept  in  step  with  the  economics  of  the 
situation. 

Once  management  has  become  actively  quality 
minded  and  has  inspired  this  ideal  in  its  employees 
and  plant,  it  has  gone  a  long  ways  toward  achiev¬ 
ing  "preventive  quality  control.  " 

Courage  to  support  the  quality  ideal  is  required, 
an  attitude  that  must  originate  at  the  yery  top 
and  be  a  vital  part  of  a  corporation  personality. 
There  is  too  often  a  temptation  to  merely  put  out 
the  fires  with  little  thought  being  given  to  preven¬ 
tion.  In  looking  for  possible  causes  of  fires,  we 
buy  fire  insurance,  and  for  possible  causes  of 
accidents  we  buy  accident  insurance.  How  about 
quality  insurance  ? 

STATISTICAL  QUALITY  CONTROL 

Statistical  quality  control  techniques  can  be 
used  to  supplement  the  trouble  shooting,  the 
Application  of  mathematical  statistics,  or  pro¬ 
bability,  to  those  problems  in  the  manufacture 
of  products  where  variation  is  the  dominant 
factor.  The  development  of  statistical  theory 
is  of  rather  recent  origin.  During  the  centuries 
that  the  so-called  exact  laws  of  physics,  astron¬ 
omy,  etc.  ,  were  developed,  there  was  not  too 
much  thought  given  to  the  fact  that  the  experiments 
did  not  always  yield  exactly  the  same  results. 
There  was  some  margin  of  error,  a  plus  or 
minus.  It  was  not  until  after  1900  that  the  ma¬ 
thematical  theories  of  probability  began  to  be 
developed  sufficiently  to  match  the  demand  of 
problems  encountered  in  controlling  uniformity 
in  manufacturing  operations.  However,  they 
were  developed  largely  for  use  in  agriculture 
and  biology.  In  the  1920 's  Dr.  Shewhart  of  the 
Bell  Telephone  Laboratories  began  to  apply 
statistical  methods  to  industrial  problems,  in¬ 
cluding  the  study  of  various  properties  of  tele¬ 
phone  poles,  particularly  in  relation  to  studies 
in  variability.  By  World  War  II  the  mathematical 
developments  had  progress  sufficiently  and  the 
application  of  theories  had  been  proven  suf¬ 
ficiently  that  the  methods  of  statistical  quality 
control  as  they  are  now  known,  could  be  applied 
generally  in  industry.  Theories  had  been  con¬ 
densed  from  formulas  to  simple  tables,  and  the 
language  simplified  for  under standability.  In 
World  War  II  there  was  a  considerable  expansion 
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in  the  use  of  statistical  quality  control  largely 
through  government  agencies.  After  the  war 
there  was  a  let  down  in  the  use  of  these  methods, 
partly  due  to  the  relief  from  government  control 
and  partly  because  it  was  assumed  the  methods 
did  not  apply  with  new  markets  no  longer  demand¬ 
ing  conformity  to  exacting  specifications.  It  was 
soon  found,  however,  that  the  principles  still 
applied  and  the  customer  still  had  specifications, 
because  if  he  did  not  like  the  products,  he  would 
not  hesitate  to  say  so. 

PRESENT  NEEDS  AND  APPLICATIONS 

We  are  entering  an  era  when  we  again  may  be 
producing  both  for  civilian  and  military  needs. 
The  need  for  quality  control  in  these  two  situa¬ 
tions  is  greater  than  in  producing  for  one.  The 
impact  of  government  controls  in  an  effort  to 
bring  about  economic  stability  is  one  of  the 
outstanding  influences  on  industrial  management 
today.  It  is  an  important  factor  in  the  growing 
tendency  for  industry  to  look  upon  internal  con¬ 
trol  as  an  integral  part  rather  than  a  casual 
tool  of  management.  The  development  of  sta¬ 
tistical  controls  holds  great  promise  for  funda¬ 
mental  gains  in  managerial  control.  Quality 
control,  through  the  application  of  one  of  its 
simplest  tools,  the  control  chart,  is  capable  of 
contributing  substantially.  We  know  that  any 
manufacturing  process  has  variations  due  to 
unknown  natural  causes.  Usually  these  varia¬ 
tions  follow  a  definite  pattern  and  are  bound  to 
happen.  Normal  looseness  in  machine  parts, 
normal  variation  in  properties  of  the  material, 
and  similar  factors  permit  items  to  be  produced 
which  vary  slightly  within  certain  limits.  We 
also  know  that  when  we  get  variations  outside 
this  normal  pattern,  something  unnatural  has 
happened.  These  can  be  detected  and  corrected. 
If  we  have  too  much  looseness  in  the  machine 
parts,  a  large  variation  in  material  properties, 
or  some  other  unnatural  factor,  the  item  pro¬ 
duced  varies  considerably  outside  the  normal 
limits.  If  these  variations  are  studied  statistic¬ 
ally,  based  on  the  laws  of  probability,  and 
followed  through,  taking  action  from  the  analysis 
then  we  are  using  statistical  quality  control 
techniques. 

I  have  stated  that  action  should  be  taken  when 
indicated;  this  means  that  the  chances  of  finding 
an  assignable  cause  for  an  unnatural  happening 
are  good;  in  fact  in  most  of  the  cases  where  this 
technique  is  used,  criteria  are  set  up  with  odds 
about  300  to  1  against  there  failing  to  be  reason 
for  unusual  variation  when  indicated.  We  hear 
the  expression  "calculated  risk"  quite  often 
these  days,  particularly  with  regard  to  our 
military  operations.  We  can  also  calculate  our 
risks  in  industry. 


WHAT  QUALITY  CONTROL 
CAN  ACCOMPLISH 

We  know  that  insurance  does  not  operate  on 
a  shoestring.  A  man  can  walk  into  an  insurance 
office,  pay  a  premium,  and  the  next  week  finish 
in  a  dead  heat  with  a  fast  train.  His  widow  car 
collect  10,  15  or  50  thousand  dollars.  Many  cases 
like  that  would  put  a  company  out  of  business. 

But  as  you  know,  that  kind  of  case  won't  happen 
too  many  times.  It's  possible  but  not  probable. 

The  continuing  success  of  all  insurance  is  based 
on  the  laws  of  probability.  Insurance  rates  are 
arrived  at  scientifically,  by  statistical  research, 
applying  the  principles*  of  mathematical  probability. 
The  same  principles  used  in  life,  fire  and  accident 
insurance  can  also  be  applied  to  quality ,  and  ac¬ 
complish  a  number  of  importamt  things; 

1.  The  process  can  be  improved  to  make  the 
product  better  in  the  first  place. 

2.  The  process  can  be  regulated  to  perpetuate 
this  improvement. 

3.  Specifications  can  be  improved  through 
knowledge  of  process  capability. 

4.  Detail  inspections  can  often  be  eliminated. 

5.  Scrap,  reworks,  and  other  losses  can 
be  minimized. 

6.  Consumer  complaints  can  be  reduced. 

7.  Quality  reputation  can  be  improved. 

The  ways  in  which  these  are  achieved  are  by 
providing  a  service  to  production  in  the  following 
activities. 

1.  Planning  more  economical  production. 

2.  Identifying  trouble  during  production. 

3.  Predicting  unfavorable  quality  trends  from 
early  warnings. 

4.  Seeing  production  problems  more  clearly. 

There  is  yet  another  benefit  to  be  derived 
from  a  quality  control  program.  It  can  serve 
as  a  training  ground  for  potential  foremen.  The 
work  gives  a  man  a  broad  perspective,  an  op¬ 
portunity  to  study  the  relationships  between 
organizational  functions.  The  work  requires 
constant  consideration  of  all  activities  and  gives 
its  people  a  rounded  training,  the  ability  to  an¬ 
alyze  and  to  evaluate  all  factors,  and  a  tolerance 
of  the  other  man's  point  of  view.  It  may  be  noted 
that  the  number  of  supervisory  levels  contacted 
by  the  quality  control  man  is  often  greater  than 
the  number  contacted  by  a  purely  manufacturing 
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man.  Each  individual  contacted  by  the  quality 
control  man  requires  a  different  approach. 
Considering  all  factors,  it  is  apparent  that  the 
quality  control  man  must  be  versatile.  While 
he  is  carrying  out  his  function  of  collecting  data 
to  insure  against  the  risk  of  producing  sub¬ 
standard  product,  he  is  also  gaining  knowledge 
and  experience  which  may  result  in  promotion. 

Some  say  these  principles  are  applicable  to 
the  manufacture  of  ball  bearings,  but  not  to 
wood  products.  We  take  pride  in  pointing  out 
the  infinite  variety  of  patterns  inherent  in  wood; 
how  can  such  a  science  be  applicable  to  wood 
products,  where  no  two  pieces  are  alike?  Well, 
no  two  ball  bearings  are  exactly  alike  either. 

In  the  manufacture  of  wood  products  there  are 
certain  properties  that  we  are  trying  to  repro¬ 
duce  in  each  of  a  given  line  of  products.  While 
we  grant  that  some  of  these  properties  must  be 
left  the  variation  inherent  in  the  wood  itself, 
others  are  controllable,  moisture  content, 
thickness,  squareness,  glue  bond  strength. 
Statistics  can  be  used  to  study  and  control  the 
variation  in  the  controllable  properties.  Re¬ 
search  can  help  us  in  expanding  the  number  of 
factors  that  are  controllable. 

Wood  is  a  material  impossible  to  study  with¬ 
out  taking  into  consideration  its  variability. 

The  science  of  studying  variability  in  manufac¬ 
turing — statistical  quality  control,  can  serve 
as  quality  insurance  in  woodworking  plants. 
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Research  Modernizes 
the  Gum  Naval  Stores  Industry 

E.  L.  PATTON,  Naval  Stores  Research  Div.  ,  Bureau  Agricultural  and 
Industrial  Chemistry,  U.  S.  Department  of  Agriculture,  New  Orleans,  La. 

INTRODUCTION 


Research  developments  passed  on  by  the 

Department  of  Agriculture  during  the  past  ZO 
years  to  pine  gum  producers  and  processors 
have  directly  transformed  what  was  in  1931  an 
entirely  primitive  industry  into  a  highly  modern 
one  in  1950.  In  place  of  about  1,  000  fire  stills 
operated  by  as  many  individuals  in  scattered 
locations  using  faulty  and  wasteful  methods 
which  lost  the  industry  an  estimated  8  million 
dollars  annually,  there  are  now  29  central  plants 
applying  modern  steam  distillation  practices 
using  cleaned  gum  and  producing  higher  grades 
of  rosin  and  purer  turpentine  than  ever  were 
possible  before. 

The  creation  of  this  virtually  new  pine  gum 
industry  is  universally  attributed  to  three  spe¬ 
cific  developments  of  Department  of  Agriculture 
research  -the  development  of  a  gum  precleaning 
process;  the  adaptation  of  steam  distillation  to 
pine  gum;  and  the  standardization  of  crude  gum 
procedures  of  purchasing. 

I  want  to  describe  each  of  these  developments, 
and  several  others;  but  first  let  me  sketch  briefly 
the  organization  of  our  Naval  Stores  Research 
Division. 

We  conduct  work  in  three  distinct  fields- - 
basic  research  on  the  composition  and  proper  ¬ 
ties  of  pine  gum,  turpentine,  and  rosin;  techno¬ 
logical  research  on  the  uses,  handling,  and 
transportation  of  turpentine  and  rosin;  and  pilot- 
plant-  applied  research  on  the  improvement 
of  processing  equipment  and  procedures.  In 
carrying  out  this  third  phase  of  our  program  we 
maintain  close  contacts  with  the  processors  of 
pine  gum  throughout  the  region  and  constantly 
exchange  technical  experiences.  The  Station 
also  conducts  cooperative  research  in  Florida 
with  the  U.  S.  Forest  Service,  another  branch 
of  the  Department  of  Agriculture. 

Our  fundamental  and  technological  research 
has  heretofore  been  conducted  at  the  Southern 
Regional  Research  Laboratory  in  New  Orleans, 
La.  ,  and  our  applied  research  a^ the  U.  S. 

Naval  Stores  Station  in  Olustee,  Florida.  Soon 
all  of  our  investigations  will  be  centered  at 
Olustee. 

PROCESSING  RESEARCH 

Processing  research  of  the  Naval  Stores  Re¬ 
search  Division  is  conducted  with  the  objective 


of  reducing  costs,  obtaining  standardized 
products,  and  preventing  losses  or  deteriora¬ 
tion  in  handling  amd  storage.  This  type  of 
research  has  immediate  value  in  maintaining 
or  expanding  the  industrial  outlets  of  pine- 
tree  products. 

Steam  Distillation 

One  of  the  first  steps  taken  by  the  Naval 
Stores  Station  which  led  to  the  modernization 
of  the  industry  was  adapting  batch  steam  dis¬ 
tillation  to  pine  gum  to  replace  direct  f  re 
distillation.  As  a  result  of  successful  pro¬ 
cedures  worked  out  by  chemical  engineers 
in  the  Olustee  pilot  plant,  who  were  aided  in 
their  accomplishment  by  knowledge  gained  by 
chemists  in  the  laboratory,  about  90  percent  of 
all  turpentine  and  rosin  is  produced  today  by 
steam  distillation. 

A  recent  development  at  the  Naval  Stores 
Station  is  a  continuous  process  of  steam  dis¬ 
tillation  to  replace  batch  processes.  The  pro¬ 
cess  in  its  present  stage  of  development  is 
now  ready  for  the  industry.  Use  of  continuous 
distillation  would  undoubtedly  improve  the 
quality  and  uniformity  of  turpentine  auid  rosin 
and  would  reduce  steam  consumption  by  about 
50  percent.  In  the  Olustee  pilot-plant  a  con¬ 
tinuous  still  of  Naval  Stores  Station  design  has 
been  constructed  which  stands  26  feet  high  and 
is  36  inches  in  diameter.  It  has  near  the  bot¬ 
tom  a  closed  steam  coil  to  accomplish  heat 
treatment  of  the  rosin  and  a  single  sparger  to 
introduce  steam.  Three  3 -foot  sections,  32 
inches  in  diameter,  serve  as  the  stripping 
column.  A  stripping  technique  using  2-inch 
Raschig  rings  is  used.  The  gum  is  sprayed 
downward  into  a  5-foot  chamber  also  packed 
with  Raschig  rings  to  reduce  entrainment. 

High  values  for  the  melting  point  of  rosin,  low 
volatile  oil  content  in  rosin,  and  low  turpentine 
acid  number  are  obtained  when  processing  from 
9,000  to  10,300  pounds  of  cleaned  gum  per  hour. 

Olustee  Gum  Cleaning  Process 

But  the  development  of  steam  processes 
alone  would  never  have  revolutionized  the  in¬ 
dustry.  Rosin,  without  the  now  famous  Olus¬ 
tee  gum  cleaning  process,  would  have  continued 
to  be  almost  as  full  of  trash  and  chips  as  it  had 
been  with  the  old-fashioned  fire  still.  To  take 
full  advantage  of  the  conversion  from  direct- 
fire  to  steam  distillation,  it  was  essential  to 
develop  an  effective  method  of  cleaning  the 
crude  gum. 


RESEARCH  MODERNIZES  THE  GUM  NAVAL  STORES  INDUSTRY 


The  Olustee  gum  cleaning  process  was  per¬ 
fected  after  many  years  of  research  at  the 
Naval  Stores  Station.  It  has  been  available 
to  the  industry  for  licensing  without  cost  since 
1941  through  U.  S.  Patent  No.  2,254,785, 
issued  to  workers  in  the  Department  of  Agri¬ 
culture. 

Because  of  the  Olustee  Process,  90  percent 
of  all  gum  rosin  produced  today  is  in  the  3  to 
4  top  grades.  Almost  the  reverse  was  true 
before  the  development  of  the  process,  when 
80  percent  was  in  the  7  lower  grades.  These 
superior  products  have  potentialities  for  use 
in  a  number  of  new  industrial  applications. 
Dark-colored  rosin  and  cloudy  turpentine  were 
not  suitable  for  many  uses  for  which  their 
chemical  composition  would  otherwise  make 
them  desirable. 

This  novel  process  consists  essentially  of 
three  steps;  dilution  of  the  crude  gum  with 
gum  turpentine  and  melting;  filtration  of  the 
melted  mixture;  and  washing  the  gum  in  water. 
Use  of  gum  turpentine  to  dilute  the  crude  gum 
is  unique  and  has  the  effect  of  reducing  the 
viscosity  and  the  density  of  the  gum.  The 
water-washing  step,  another  unusual  feature, 
removes  tannins  and  other  organic  and  water- 
soluble  impurities  of  microscopic  size  which 
are  not  removed  during  filtration. 

This  Olustee  process  is  now  in  use  in  all  but 
one  of  29  central  distilling  plants. 

Central  Plants 

The  combined  effect  on  the  industry  of  these 
two  developments--steam  distillation  and  gum 
cleaning — was  the  almost  complete  etbandon- 
ment  of  fire  stills.  Fewer  than  65  fire  stills 
operate  today.  In  their  place  has  been  created 
a  centralized  processing  plant  system  using 
gum  cleaning  and  steam  operations.  Twenty- 
nine  plants  are  located  at  intervals  of  about  50 
miles  over  an  area  bounded  by  Savannah,  Ma¬ 
con,  and  Columbus,  in  Georgia;  by  Mobile  in 
Alabama;  and  by  Jacksonville  in  Florida. 

The  first  central  plant  for  the  mass  collection 
and  distillation  of  pine  g\im  was  opened  in  1934 
in  Jacksonville.  By  1941  central  plants  were 
processing  33  percent  of  the  total  rosin  and 
turpentine.  In  1947  central  plants  processed 
88  percent  of  the  total  United  States  naval 
stores,  in  1949,  central  pl£mts  processed  90 
percent  of  total  domestic  production.  Today 
they  process  91  percent  of  all  gum  turpentine 
and  rosin. 

The  possibility  of  upgrading  poor-quality  gum 
through  the  Olustee  process  assures  gum  farm¬ 
ers  an  immediate  cash  sale  for  any  grade  of 
gum  they  bring  to  the  still,  and  these  cash  p^^y- 


ments  provide  much  of  the  income  for  the  sur¬ 
rounding  territory.  As  an  exsunple,  in  1948  one 
still  paid  1.2  million  dollars  for  48,000  barrels 
of  crude  gum;  another  plant  paid  1.  9  million 
dollars  for  75,000  barrels,  to,  in  all,  1,700 
sellers. 

The  ready  market  for  crude  gum  at  the  cen¬ 
tral  still  has  been  of  particular  value  to  inter¬ 
mediate  producers  who  do  not  produce  enough 
gum -to  operate  a  fire-still;  yet  collectively  can 
sell  enough  gum  to  the  central  stills  to  provide 
for  their  full-time  employment. 

The  result  has  been  the  emergence  of  two 
distinct  groups--gum  farmers  wd  processors. 
Today  about  40,  000  farmers  collect  and  sell 
their  own  gum  in  contrast  to  only  2,500  former¬ 
ly. 

Standard  Purchasing  Procedure 

The  prices  paid  at  central  stills  are  based  on 
the  yield  and  quality  of  the  rosin  and  yield  of 
turpentine  which  will  be  obtained  from  a  barrel 
of  crude  gum. 

This  practice  of  paying  for  crude  gum  on  the 
basis  of  the  yield  .and  quality  is  the  result  of 
publicizing  by  the  Naval  Stores  Station  in  1937 
of  the  calculated  average  yields  of  turpentine 
and  rosin  that  are  obtained  from  a  435-pound 
net  weight  barrel  of  gtun.  This  standardized 
purchasing  procedure  has  been  universally 
adopted. 

DEVELOPING  NEW  PRODUCTS 

Despite  greatly  improved  product  quality 
with  the  radical  processing  procedures,  some 
old  markets  for  turpentine  and  rosin  have  been 
lost  to  substitute  materials.  The  industrial 
markets  of  turpentine,  particularly,  have 
dwindled--the  percentage  of  the  total  turpentine 
consumed  in  industrial  uses  fell  from  18.5  in 
1939  to  14.  7  in  1949.  These  diminishing  markets 
are  partly  due  to  large  programs  of  fundamental, 
technological,  and  engineering  research  by  com¬ 
peting  chemical  industries. 

BASIC  RESEARCH  NEEDED 

To  keep  pace  with  spectacular  improvements 
in  the  chemical  field,  naval  stores  researchers 
are  aware  that  progress  must  be  made  in  de¬ 
veloping  entirely  new  uses  for  the  superior  pro¬ 
ducts.  Only  in  this  way  will  the  new  pine  gum 
industry  be  able  to  realize  its  full  potentialities. 
The  greatest  future  promise  of  the  industry  lies 
in  what  may  be  developed  through  basic  and 
technological  research  on  pine  gum,  turpentine, 
and  rosin. 
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One  of  the  most  important’fundamental' 
problems  consists  of  resolving  pine  gum, 
turpentine,  and  rosin,  into  their  principal 
components  and  studying  the  chemistry  of  the 
individual  compounds. 

Turpentine  and  Derived  Products 

Turpentine  consists  primarily  of  a  number  of 
terpene  hydrocarbons  having  10  parts  of  carbon 
and  16  parts  of  hydrogen.  In  American  gum 
turpentine  about  95  percent  of  the  components 
are  alpha-pinene  for  the  production  of  synthe¬ 
tic  camphor,  while  beta-pinene  is  utilized  in 
the  production  of  certain  synthetic  resins. 

Reflecting  this  trend,  the  Naval  Stores  Re¬ 
search  Division  is  carrying  out  research  on  the 
individual  terpene s  of  turpentine  and  their  de¬ 
rivatives. 

Alpha-pinene  has  been  decomposed  by  a  heat- 
ing  process  (pyrolysis)  to  allo-ocimene.  A 
similar  method  has  been  used  to  give  myrcene 
from  beta-pinene  and  another  pyrolytic  process 
has  been  developed  to  prepare  good  yields  of 
isoprene  from  dipentene.  Isoprene  and  myrcene 
have  been  used  in  the  preparation  of  rubber¬ 
like  substances. 

I  will  mention  only  one  other  line  of  basic 
research  in  turpentine  components  which  is 
leading  to  practical  developments.  This  is  a 
method  we  have  developed  for  producing  perox¬ 
ides  from  the  terpenes.  The  peroxidized  ter- 
penes  can  be  used  to  speed  up  processes  of 
synthetic  rubber  production  at  low  temperatures. 
The  products  were  found  to  compare  favorably 
with  commercial  catalysts.  Pinane  hydro¬ 
peroxide,  made  by  hydrogenating  alpha-pinene 
to  pinane,  then  oxidizing  with  either  air  or 
oxygen  to  the  hydroperoxide,  in  preliminary 
evaluation  by  the  Government  Rubber  Labora¬ 
tories,  Akron,  Ohio,  has  been  shown  as  equal, 
and  perhaps  superior,  to  cumene  hydroperoxide, 
the  commercial  oxidizing  agent  used  in  cold 
rubber  manufacture. 

The  commercial  production  of  the  new  perox¬ 
ides  may  not  be  economically  attractive  until 
improved  methods  of  preparation  are  worked 
out.  To  bring  about  larger-scale  production, 
many  additional  laboratory-scale  preparations 
are  being  continued  to  determine  maximum 
peroxide  content  and  optimum  operating  con¬ 
ditions. 

Rosin  and  Derived  Products 

About  90  percent  of  rosin  consists  of  acids, 
the  other  constituents  being  resenes,  which 
appear  to  be  mixtures  of  quite  diverse  com¬ 
pounds.  Because  these  acids,  although  struc¬ 
turally  quite  similar  to  each  other,  have  a 
number  of  different  chemical  and  physical  pro¬ 
perties,  investigation  of  them  individually  is 


a  sound  basis  for  research  directed  toward 
a  wider  utilization  of  rosin. 

In  general,  gum  rosin  has  a  more  rapid  rate 
of  reaction  and  gives  esters  with  higher  melt¬ 
ing  points  than  other  types  of  rosin.  In  studies 
during  World  War  II  to  develop  a  substitute  for 
glycerol  in  ester  gum,  when  glycerin  was  in 
short  supply,  a  method  was  found  for  making 
rosin  esters  of  slow-reacting  alcohols,  such 
as  2,  3-butylene  glycol.  This  method  consis¬ 
ted  of  first  reacting  the  rosin  with  lactic -acid 
and  then  esterifying  the  reaction  product  with 
the  alcohol. 

One  practical  development  resulting  from 
investigations  of  rosin  composition  was  a  new 
method  by  which  better  metal  resinates  can  be 
produced  for  the  varnish  industry.  By  this  , 
process  a  high  metal  content  can  be  introduced 
into  rosin  to  give  metal  resinates  of  the  good 
solubility  and  low  acid  number  desired  for  their 
commercial  use  as  driers. 

Maleo-Pimaric  Acid,  a  New  Product  from 
Pine  Gum 

An  example  of  basic  research  as  a  necessary 
preliminary  to  the  discovery  of  commercially 
valuable  products  is  afforded  by  the  develop¬ 
ment  of  the  entirely  new  naval  stores  product, 
maleo-pimaric  acid. 

Maleo-pimaric  acid  is  the  name  given  by  the 
Naval  Stores  Research  Division  to  the  white 
crystalline  adduct  of  maleic  anhydride  and  the 
levo-pimaric  acid  in  pine  gum.  This  new  pro¬ 
duct  grew  out  of  laboratory  investigations  of 
the  composition  of  pine  gum. 

In  the  Olustee  pilot  plant  the  development  was 
brought  to  the  stage  where  a  commercial  pro¬ 
cess  is  now  available  for  use  by  industry. 
Manufacturers  can  obtain  a  nonexclusive, 
royalty-free  licence  under  the  government 
patent  on  the  process.  To  produce  maleo- 
pimaric  acid  the  crude  gum  is  diluted  with  tur¬ 
pentine  and  filtered;  water  is  removed  from  the 
cleaned  gum  and  the  gum  is  reacted  with  maleic 
anhydride  at  moderate  temperature.  On  cool¬ 
ing,  the  crystalline  adduct  is  separated  from 
the  liquid  and  centrifuged,  washed,  and  dried. 

The  properties  of  maleo-pimaric  acid  have 
interested  more  than  185  companies  and  indivi¬ 
dual  research  men.  One  of  the  most  promising 
evaluations  so  far  is  that  made  by  a  company 
which  considers  maleo-pimaric  acid  a  desirable 
dye  intermediate. 

PRODUCT  QUALITY  CONTROL 

As  a  closing  example  of  the  diversified  aid 
given  the  naval  stores  industry  by  government 
research,  I  want  to  mention  the  immediate 
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assistance  we  recently  gave  processors  who 
were  suddenly  faced  vath  the  necessity  of  re¬ 
ducing  acidity  in  turpentine.  This  happened  in 
1949  when  the  Commodity  Credit  Corporation 
established  a  maximum  limit  for  acidity  of 
turpentine  that  would  be  acceptable  for  a  gov¬ 
ernment  loan.  The  situation  had  also  been 
n.ade  urgent  by  increasing  complaints  from 
large  dealers  and  consumers  against  excess¬ 
ively  acid  turpentine. 

Excessive  acidity  in  turpentine  is  trouble¬ 
some  because  it  promotes  deterioration  during 
storage  and  causes  discoloration  of  turpentine 
packed  for  shipping  in  galvanized  steel  drums 
or  tank  cars. 


Since  gum  turpentine,  when  it  is  properly 
cleaned  and  distilled,  is  very  low  in  acids, 
we  of  the  Naval  Stores  Division  worked  out  and 
recommended  proper  procedures.  When  these 
recommendations  are  followed,  turpentine  of 
relatively  low  acidity  is  produced. 

It  is  a  question  of  preventing  the  acidic  com¬ 
ponents— the  water-soluble  acids  and  the  resin 
acids  in  pine  gum--from  going  over  with  tur¬ 
pentine  during  distillation.  This  is  accom¬ 
plished  by  using  improved  distilling  procedures 
and  equipment  developed  at  the  Naval  Stores 
Station. 
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The  Present  Status  of  Training  Men  for  Industry 

RICHARD  F.  WEST,  Assistant  Professor  of 
Forestry,  Louisiana  State  University 


IN  CONTRAST  to  the  content  of  the  fine 
papers  we  have  had  thus  far,  my  topic 
is  more  of  a  controversial  nature  in  that'  some 
of  the  points  I  will  discuss  are  subject  to  dif¬ 
ferences  of  opinion.  For  example,  in  our 
schools,  there  is  the  question  of  how  men 
should  best  be  trained  for  future  work  in  in¬ 
dustry.  In  that  respect,  I  am  talking  to  you 
not  only  as  a  school-marm  but  as  a  fellow 
wood  technologist  who  has  had  some  industrial 
experience.  I  would  like  you  to  think  along 
with  me  for  the  purpose  of  promoting  some 
discussion  so  as  to  get  the  benefit  of  your  opin¬ 
ions  and  ideas. 

In  the  light  of  some  notable  recent  develop¬ 
ments  in  the  wood-using  industries  throughout 
the  country  and  in  the  South  in  particular,  I 
believe  it  is  time  we  should  analyze  the  situa¬ 
tion  regarding  the  training  of  men  for  industry 
in  our  southern  forestry  schools.  In  doing  this, 
I  will  attempt  to  answer  several  questions  and 
will  throw  out  to  you  for  your  consideration 
several  others.  I  hope  to  give  you  a  better 
understanding  of  what  present  day  utilization 
and  wood  technology  students  are  trained  for 
and  where  they  can  fit  into  the  wood  products 
industry.  I  would  like  to  answer,  at  least 
partially,  the  important  questions:  Does  in¬ 
dustry  need  college  trained  men  and,  if  so, 
are  these  men  adequately  trained  in  relation 
to  what  industry  expects  ? 

By  its  very  nature,  this  organization  -  the 
Forest  Products  Research  Society  -  should 
be  the  group  interested  in  these  questions. 

Our  expanding  Society  is  composed  of  men 
who  are  dealing,  in  one  way  or  another,  with 
wood  and  the  many  products  of  this  very  versa¬ 
tile  material.  We  meet  to  discuss  mutual  pro¬ 
blems,  new  developments  and  research  in  the 
many  facets  of  utilizing  wood  to  better  advan¬ 
tage.  In  a  large  measure,  the  personnel  of 
the  wood  fabricating  and  wood-using  industries 
is  a  hardy  lot,  characterized  by  self-made 
men  who,  by  virtue  of  their  rugged  individual¬ 
ism  and  perseverance  have  been  responsible 
for  the  development  and  growth  of  their  par¬ 
ticular  industries.  These  men  have  pioneered 
the  industry,  in  days  when  little  or  no  outside 
assistance  was  available  and  wood  technologists 
were  unknown.  But  unfortunately,  like  the 
one-horse  shay,  the  old  hands  won't  last  for¬ 
ever;  new  and  younger  faces  will  appear.  Ap¬ 
parently  we  are  passing  from  the  development 
to  the  technological  stage  in  our  industries. 


and  progress  in  the  future  will  depend  to  a 
large  extent  on  our  technical  knowledge  and 
skill.  This  being  the  case,  the  leaders  of 
tomorrow  in  our  industries  will  come  from 
the  students  of  today.  If  any  appraisal  and 
evaluation  of  the  training  of  these  potential 
leaders  of  tomorrow  in  relation  to  industrial 
needs  is  desired,  the  Forest  Products  Re¬ 
search  Society  is  the  logical  group  to  consider 
this. 

I  believe  there  is  a  definite  need  for  a  closer, 
more  intimate  contact  between  our  forestry 
schools  and  industry.  The  contrast  between 
the  ivy-£overed  walls  and  hallowed  halls  of 
our  colleges  and  universities  to  the  stark  real¬ 
ism  of  industrial  endeavor  is  frequently  strik¬ 
ing.  This  is  well  exemplified  by  the  experience 
of  a  recent  graduate  who  was  told  by  his  em¬ 
ployer  with  a  smile  —  "Now  son,  it  will  take 
you  about  six  months  to  unlearn  all  that  fancy 
stuff  they  taught  you  at  the  university.  Then 
you'll  be  worth  something  to  this  company.  " 

I  give  you  this  without  comment. 

DEVELOPMENT  OF  WOOD 

UTILIZATION  CURRICULA 

In  order  to  understand  the  present  status  of 
utilization  training  in  our  schools,  it  is  neces¬ 
sary  to  know  something  of  the  past.  Formal 
forestry  education  in  this  country  is  only  about 
50  years  old.  The  first  forestry  school  as 
such  was  established  in  1898  at  Cornell  and 
was  known  as  the  New  York  State  College  of 
Forestry.  At  the  same  time,  formal  instruc¬ 
tion  in  forestry  was  offered  by  Dr.  C.  A. 
Schenck  at  Biltmore,  N.  C.  ,  in  connection 
with  his  work  as  forester  for  the  Vanderbilt 
estate.  Neither  of  these  original  schools  is 
now  in  existence.  Cornell  was  closed  in  1903 
due  to  lack  of  appropriations  and  Biltmore  was 
abandoned  in  1913.  The  oldest  school  with  un¬ 
broken  tenure  is  the  Yale  School  of  Forestry, 
established  in  1900.  Not  counting  the  original 
Biltmore  School  in  Carolina,  the  George  Foster 
Peabody  School  of  Forestry  at  the  University 
of  Georgia  is  the  oldest  forestry  school  of  the 
South,  being  founded  in  1906.  All  the  other 
southern  forestry  schools  are  of  much  more 
recent  origin,  and  wood  utilization  and  wood 
technology  training  in  these  schools  has  even 
less  vintage. 
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methods  of  utilizing  wood  and  wood  fibre  have 
occurred  in  the  last  10  to  15  years.  Plywood 
is  one  of  the  outstanding  examples.  The  rapid 
growth  of  the  plywood  industry  has  baen  due 
principally  to  the  versatility  of  this  product, 
which  runs  the  gamut  from  use  in  aircraft, 
building  construction,  boats,  container  stock, 
furniture,  and  on  down.  Plywood  has  come  into 
its  own  since  the  introduction  of  waterproof  and 
moisture  resistant  synthetic  resin  adhesives. 

Its  dimensional  stability  and  favorable  strength- 
weight  ratio  augurs  well  for  an  even  greater 
use  in  the  future. 

We  have  also  witnessed  the  rapid  advance  of 
wood -base  plastics,  building  and  insulating 
materials  made  from  wood  fibre,  prefabrication 
(which  is  plywood's  protege  incorporating  the 
stressed-skin  principle),  and  lamination. 

Marked  improvements  have  been  made  in  me¬ 
thods  of  kiln  drying,  in  lumber  grading,  and 
in  treating  wood.  As  evidence  of  the  interest 
and  advancement  in  lumber  grading  for  exam¬ 
ple,  we  can  cite  the  intensive  hardwood  grading 
school  here  at  Memphis,  and  the  extension 
short  courses  given  by  the  Southern  Forest 
Experiment  Station  in  the  principles  of  hardwood 
log  and  lumber  grading.  This  latter  work  is 
ably  conducted  by  R.  D.  Carpenter,  a  charter 
member  of  this  Section.  The  use  of  wood  as 
structural  members  in  large  buildings,  bridges 
and  the  like  has  been  greatly  enhanced  by  the 
development  of  timber  connectors.  All  of  this 
progress  in  the  development  and  expansion  of 
wood-using  industries  and  techniques  has  re¬ 
quired  trained  personnel,  and  further  improve¬ 
ments  will  likewise  call  for  technological  know¬ 
how. 

(c)  The  third  factor  contributing  to  the  pro¬ 
lific  ramification  of  courses  dealing  with  wood 
is  research  in  wood  utilization.  Unlike  research 
in  forest  management  which  is  a  long  time  pro¬ 
position,  research  in  utilization  may  begin  to 
pay  dividends  tomorrow  instead  of  fifty  years 
hence.  The  importance  of  aggressive  research 
cannot  be  over -emphasized.  The  remarkable 
growth  of  this  Society  since  its  inception  in 
February,  1947  illustrates  this.  Society  of 
American  Foresters  is  celebrating  its  Golden 
Anniversary  this  year  at  its  annual  meeting 
in  Washington.  As  of  July  1,  1950,  there  were 
6,700  members  of  the  Society  of  American 
Foresters.  On  the  same  date,  the  Forest 
Products  Research  Society  listed  2,098  mem¬ 
bers.  In  its  brief  span  of  less  than  four  years, 
this  Society  has  almost  one -third  as  many  mem- 
as  the  American  Society  of  Foresters,  which 
encompasses  all  fields  of  forestry. 

Most  of  the  improvements  and  new  develop¬ 
ments  in  the  wood-using  and  allied  industries 
have  been  founded  on  research.  Fundamental 


and  applied  research  is  the  cornerstone  on 
which  rests  future  progress  in  our  industries. 

The  welcome  expansion  of  research  work, 
particularly  by  private  organizations,  has 
demanded  technically  treuned  men  vHbo  have 
had  a  thorough  background  in  chemistry, 
physics,  and  mathematics,  and  application 
of  these  fundamental  sciences  to  wood;  its 
structure,  properties,  behavior,  fabrication, 
and  treatment.  In  addition,  application  of 
new  techniques  based  on  research  findings 
requires  trained  personnel. 

There  are  a  number  of  outstanding  research 
organizations,  seme  of  which  are  of  compara¬ 
tively  recent  origin.  The  Timber  Engineering 
Company,  the  Forest  Products  Division  of  the 
Texas  Forest  Service,  the  Forest  Products 
Laboratory  at  Oregon  State  College  should  be 
mentioned.  In  addition,  many  companies  have 
their  own  research  staffs,  if  only  one  man. 

The  outstanding  work  in  forest  products  re¬ 
search  has  been  done  by  the  U.  S.  Forest  Pro¬ 
ducts  Laboratory,  but  it  is  encouraging  to  see 
the  extension  of  research  in  private  industry. 

(d)  All  of  these  rumblings  and  portents  of  a 
new  era  in  the  wood  products  field  were  greatly 
accentuated  and  brought  to  a  focus  during 
World  War  II.  To  the  surprise  of  many,  in¬ 
cluding  even  wood  products  men,  wood  showed 
its  mettle  against  supposedly  superior  mater- 
^ials.  Not  only  did  it  do  the  job  in  conventional 
uses  as  a  primary  building  and  packaging  ma¬ 
terial  but,  in  certain  cases,  it  actually  replaced 
metals  and  alloys--not  because  wood  was  cheap-^ 
er--but  because  it  had  better  technological 
properties.  I  personally  was  involved  in  the 
complete  replacement  of  the  conventional  metal 
ailerons  or  flaps  on  the  Navy's  Corsair  fighter 
plane  by  ailerons  entirely  constructed  of  wood 
and  plywood  except  for  the  attaching  hardware . 
The  plywood  ailerons  proved  much  more  aero- 
dynamically  efficient  under  the  stresses  of 
high  speed  flying  than  the  former  metal  ones. 
Also,  in  contrast  to  the  metal  ailerons,  the 
plywood  aileron  could  be  almost  completely 
shattered  and  still  maintain  enough  structural 
rigidity  to  enable  the  pilot  to  limp  home.  The 
construction  of  these  wooden  ailerons  down  to 
tolerances  ordinarily  applied  only  for  metals 
was  one  of  the  finest  wood  fabricating  jobs  I 
have  ever  seen.  This  story  of  the  aileron  is 
just  one  of  many  cases  which  occurred  during 
the  war  where  wood,  properly  handled  and 
fabricated  by  technicians  who  understood  its 
properties  and  characteristics,  demonstrated 
its  potentialities. 

Third  Stage 

The  third  stage  in  the  development  of  forestry 
curricula  in  our  schools  is  one  of  specialization. 
As  I  have  implied  earlier  using  silviculture  as 
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an  example,  this  phase  has  occurred  in  all 
fields  of  forestry,  but  particularly  in  wood 
utilization.  Specialization  is  due  primarily 
to  the  vast  technological  increase  in  knowledge 
which  like  an  amnoeba,  grows  in  size  until  fis¬ 
sion  become  inevitable.  It  has  resulted  in  di¬ 
viding  forestry  into  more  or  less  mutually  ex¬ 
clusive  fields.  We  not  only  have  specialization 
in  the  broad  fields  of  forestry,  but  also  specia¬ 
lization  within  each  field,  a  procedure  which 
can  be  condemned.  Other  things  being  equal, 
the  degree  and  type  of  specialization  depends 
upon  the  location  and  size  of  the  forestry 
school — the  larger  the  school,  the  more  cur¬ 
ricula  offered.  The  New  York  State  College  of 
Forestry  at  Syracuse,  for  example,  has  six 
distinct  curricula  while  the  smallest  schools 
may  offer  only  one. 

Forestry  schools,  in  common  with  other 
scientific  departments,  have  been  criticized 
on  this  score,  the  contention  being  that  we 
are  putting  out  narrowly  trained  technicians 
with  little  knowledge  of  anything  except  their 
own  particular  groove.  A  distinction  here 
should  be  made  between  a  university  or  college 
and  a  trade  school.  Forestry  work  at  univer¬ 
sity  level  entails  learning  why  as  well  as  learn¬ 
ing  how.  Learning  why  necessitates  a  funda¬ 
mental  background  of  non-forestry  courses 
which  need  not  concern  learning  how. 

STATUS  OF  SOUTHERN 

FORESTRY  SCHOOLS 

Where  do  our  southern  forestry  schools 
stand  in  relation  to  this  threefold  development 
of  forestry  curricula  I  have  outlined?  At  the 
present  time,  there  are  nine  institutions  in  the 
South  giving  four -year  work  in  forestry.  This 
does  not  include  the  School  of  Forestry  at  Duke 
University,  which  is  on  a  graduate  basis.  Of 
these  nine  schools,  four  have  been  accredited 
by  the  Society  of  American  Foresters  as  giving 
adequate  coverage  of  professional  forestry 
work  and  meeting  other  criteria,  including  size 
and  training  of  faculty,  equipment,  etc.  These 
accredited  schools  are  at  North  Carolina  State, 
University  of  Florida,  University  of  Georgia, 
and  Louisiana  State  University.  A  re-accredit¬ 
ing  is  now  in  progress,  which  may  result  in 
additional  schools  becoming  accredited.  In 
some  of  our  southern  schools,  the  divorce  of 
wood  technology  or  wood  utilization  from  forest 
production,  as  far  as  technical  forestry  courses 
are  concerned,  is  complete.  In  others,  a  sep¬ 
aration  has  occurred  with  a  certain  amount  of 
alimony  being  involved.  The  student  may  spe¬ 
cialize  in  wood  utilization  but  he  is  required  to 
take  certain  forest  production  courses  deemed 
necessary. 


A  partial  listing  of  curricula  as  offered  in  our 
schools  in  the  field  of  wood  utilization  shows  the 
nature  of  the  specialization: 

1.  Wood  technology,  2.  Forest  utilization, 

3.  Wood  utilization,  4.  Business  forestry, 

5.  Furniture  manufacture  and  management, 

6.  Pulp  , and  paper  technology,  7.  Wood  chem¬ 
istry,  8.  Forest  products. 

However,  some  of  these  titles  are  inter¬ 
changeable,  as  forest  products  and  forest  utili¬ 
zation;  and  wood  utilization  and  wood  technology. 
In  some  schools,  a  differentiation  is  made  be¬ 
tween  wood  technology  and  utilization.  At  my 
own  school,  for  example,  wood  technology  in¬ 
volves  a  detailed  background  in  chemistry^ 
mathematics  and  physics  followed  by  a  thorough 
coverage  in  the  science  of  wood— its  anatomy, 
chemistry,  properties,  and  treatments.  The 
course  is  designed  for  advanced  work  at  grad¬ 
uate  level  and  research.  Our  wood  utilization 
curriculum  is  more  in  the  nature  of  a  major 
rather  than  specialization.  It  includes  regular 
production  forestry  courses  as  well  as  utiliza¬ 
tion  subjects,  such  as  wood  preservation, 
seasoning,  veneer  and  plywood,  wood  anatomy, 
and  mechanical  and  physical  properties.  In 
addition,  the  utilization  major  takes  courses 
in  accounting,  business  administration  and 
business  law.  A  bonafide  wood  technologist 
is  not  qualified  for  membership  in  the  Society 
of  American  Foresters,  according  to  its  pre¬ 
sent  concept. 

To  properly  teach  wood  utilization  subjects, 
extensive  laboratory  equipment  is  needed.  This 
would  include  a  timber  testing  machine,  port¬ 
able  sawmill,  dry  kiln,  woodworking  shop,  ply¬ 
wood  hot  press,  pressure  cylinder,  and  gluing 
equipment  as  some  of  the  most  important  items. 
The  southern  schools  offering  courses  in  this 
field  have  made  remarkable  strides  in  obtaining 
this  equipment.  We  feel  we  have  the  facilities 
for  training  men  for  industry.  On  the  job  train¬ 
ing  for  the  students  during  their  summer  re¬ 
cess  is  highly  desirable.  The  student  would 
gain  experience  and  the  company  would  have 
the  chance  to  size  up  trainees  for  possible  future 
employment. 

Utilization  students  are  receiving  good  basic 
training  which,  if  applied  with  common  sense 
and  diligence,  should  make  these  men  valuable 
to  industry.  The  utilization  student  is  trained 
for  work  in  the  wood-using  industries,  in  pre¬ 
servation  plants,  in  pulp  and  paper  companies, 
in  sawmills,  and  in  lumber  sales  organizations. 
Their  success  or  failure  is  sometimes  not  be¬ 
cause  of  their  training  or  lack  of  it  but  due  to 
those  intangible  attributes  present  in  all  endeav- 
ors--their  personality  and  ability  to  get  along 
with  people. 
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The  development  of  curricula  in  our  forestry 
schools  has  followed  a  fairly  consistent  pattern. 
We  can  outline  this  briefly  in  three  stages: 

First  Stage 

At  first  the  schools  offered  only  what  we 
call  straight  forestry  courses  designed  to 
train  men  for  forest  protection  and  manage¬ 
ment  work  in  the  field.  The  "field"  in  these 
earlier  days  consisted  chiefly  of  national 
forests,  as  employment  opportunities  were 
restricted  to  work  with  the  federal  government 
in  the  Forest  Service.  An  examination  of  some 
of  the  earliest  text  books  used  shows  that  the 
subject  matter  was  comparatively  simple  by 
present  day  standards,  as  befitting  a  new  pro¬ 
fession.  Much  of  the  text  book  matter  was 
borrowed  from  Europe,  especially  Germany, 
as  we  had  no  forestry  background  in  this  coun¬ 
try.  This  is  not  surprising  as  most  of  the 
original  teachers  and  leaders  in  forestry  had 
European  training.  From  this  humble  begin¬ 
ning,  work  in  American  forestry  progressed 
rapidly,  particularly  in  forest  research.  By 
1911,  there  were  20  forestry  schools  spread 
from  Maine  to  Georgia  to  Oregon.  The  cour¬ 
ses  offered  in  these  schools  were  basic.  It 
is  interesting  to  note  that  at  the  Biltmore 
School,  a  course  in  forest  utilization  was  in¬ 
cluded  along  with  silviculture,  forest  pro¬ 
tection,  management,  finance,  policy,  and 
history  of  forestry.  As  our  backlog  of  know¬ 
ledge  increased,  so  did  the  collegiate  training 
become  more  intensive  and  complicated.  New 
courses  were  added  and  required.  Segments 
of  broad  basic  courses  demanded  recognition 
as  separate  entities  in  themselves.  For  exam¬ 
ple,  in  forest  production  silviculture --which  is 
defined  as  the  art  of  producing  and  tending  a 
forest--is  fundamental  to  proper  forest  man¬ 
agement.  Now  we  find  in  most  schools  sepa¬ 
rate  courses  in  seeding  and  planting,  or  arti¬ 
ficial  reforestation;  silvics;  practice  of  silvi¬ 
culture;  regional  silviculture;  and  advanced 
silviculture.  All  of  these  were  formerly  part 
and  parcel  of  the  same.  One  educator  stated 
in  a  published  paper  that  in  one  curriculum, 
silviculture  has  become  13  courses  in  fractions 
of  silviculture  and  subsidiary  components.  He 
did  not  name  these  13  courses,  however.  Now- 
a-days,  a  man  specializing  in  silviculture  is 
not  a  forester — he  is  a  silviculturist. 

It  was  recognized  early  that  the  general 
forestry  student  would  very  likely  become  in¬ 
volved  in  the  cutting  of  his  timber,  so  courses 
were  instituted  in  harvesting,  methods  of  con¬ 
version,  or  logging.  In  the  western  schools, 
this  phase  became  very  important  as  the  prin¬ 
cipal  forestry  activity  was  concerned  with  log¬ 
ging  large  tracts  of  virgin  timber  in  rough 
terrain.  As  a  consequence,  the  schools  in  the 
West  emphasized  logging  engineering.  Also 


it  was  recognized  that  forestry  students  should 
have  at  least  a  passing  acquaintance  with  the 
end  products  his  trees  were  destined  for.  The 
ultimate  utilization — at  a  profit--of  forest  pro¬ 
ducts  is  inseparably  related  to  forest  manage¬ 
ment.  In  fact,  other  than  in  our  national  for¬ 
ests  where  the  forester  is  working  in  an  econo¬ 
mic  vacuum,  the  intensity  of  the  forestry  work 
is  dependent  upon  the  degree  of  profitable  utili¬ 
zation.  No  one  but  the  government  can  afford 
to  put  money  into  something  that  does  not  pay. 

For  private  enterprise — no  utilization,  no 
forestry;  perhaps  conservation  but  certainly 
not  genuine  forestry.  In  addition,  it  was 
thought  necessary  that  the  general  forestry 
student  should  be  able  to  recognize  and  identify 
the  wood  of  the  most  important  commercial 
species  as  well  as  the  trees.  Consequently, 
all  forestry  schools  require  courses  in  wood 
identification  and  forest  utilization.  The  course 
material  given  in  the  usual  class  of  forest 
utilization  is  very  general  and,  by  necessity, 
a  survey  of  the  various  products  of  the  forest 
without  going  into  much  detail  on  any  one.  It 
is  here  that  forest  production  and  wood  utili¬ 
zation  overlap.  For  the  production  man  or 
the  timber  manager,  the  courses  in  forest 
products  and  wood  identification  represent  the 
end  of  the  line.  For  the  utilization  and  wood 
technology  student,  these  subjects  should  be 
the  beginning  of  his  work. 

^  Second  Stage 

The  second  stage  in  the  evolution  of  forestry 
curricula  has,  for  most  schools,  occurred  in 
the  last  decade.  It  is  characterized  by  a  tre¬ 
mendous  expansion  in  the  field  of  wood  products. 
The  great  majority  of  the  more  than  50  new 
courses  added  to  the  curricula  of  American 
forestry  schools  in  the  last  ten  years  are  con¬ 
cerned  with  wood  and  wood  products.  In  the 
same  period,  12  new  curricula  in  forest  pro¬ 
ducts  were  established.  Why  this  phenomenal 
interest  and  growth  in  the  utilization  aspects 
of  forestry?  Several  reasons  can  be  assigned 
for  this: 

(a)  Realization  by  the  old  line  wood-using 
industries,  such  as  furniture  manufacturing, 
that  if  they  were  to  regain  lost  markets  and 
strengthen  their  competitive  position,  an  im¬ 
proved  product  must  be  made.  More  efficient 
methods  of  fabrication,  changes  in  design  to 
entice  public  favor,  use  of  new  woods,  more 
exacting  moisture  control,  less  waste,  and 
better  jluing  techniques  were  necessary.  The 
accomplishment  of  these  advances  requires  the 
services  of  technically  trained  men  who  know 
more  about  wood  and  its  characteristics  than 
was  generally  given  in  regular  forestry  courses. 

(b)  The  development  of  relatively  new  wood¬ 
using  industries,  and  some  spectacular  new 
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In  the  last  10  years,  the  South  has  unde'rgone, 
in  effect,  an;  industrial  revolution.  This  is 
evidenced  by  the  over-all  248  percent  increase 
in  the  numbdr  of  wood-using  and  wood  fabrica¬ 
ting  industries.  In  Louisiana,  the  lumbering 
and  wood  products  industries  now  ranks  first 
in  number  of  employees  and  establishments. 
This  includes  sawmills,  planing  mills;  co¬ 
operage,  veneer,  millwork,  and  wood  preserv¬ 
ing  plants.  The  number  of  these  establish¬ 
ments  increased  from  293  in  1939  to  626  in 
1947.  As  we  gradually  go  into  a  second-growth 
forest  economy  in  the  South,  there  will  be  ad¬ 
ditional  need  for  technically  trained  men.  Ad¬ 
vances  in  wood  technology  are  constantly  giving 
us  from  smaller  trees  the  equivalent  of  what 
was  formerly  obtained  by  sawing  lumber  from 
virgin  stands.  The  South  is  growing  the  wood 
and  is  destined  to  become  the  principal  wood 
producing  section  of  the  country.  It  is  amazing 
to  me  that  in  terms  of  cubic  volume  of  saw 
timber  and  pulpwood,  the  South  produced  more 
last  year  than  30  years  ago  when  it  was  sup¬ 
posedly  completely  cut  out.  We  have  a  new 
huge  billion  dollar  pulp  and  paper  industry 
supplied  to  the  extent  of  almost  10  million  cords 
of  pulpwood.  Further  industrialization  in  the 
wood-using  industries  along  all  lines  should  be 
encouraged.  Research  in  wood  utilization  will 
play  its  part.  But  research  will  be  of  little 
avail  unless  industry  can  apply  the  results  of 
research  to  their  own  operations.  To  do  this, 
industry  needs  men  trained  in  the  science  of 
wood.  The  future  is  promising  if  we  can  keep 
our  eyes  on  the  road  ahead. 
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Better  Tools  for  Gum  Production 


MILTON  £.  RYBERG,  Technologist,  U.  S.  Southeastern  Forest  Experi¬ 
ment  Station,  in  cooperation  with  the  University  of  Florida,  Gainesville,  Fla. 


IN  GRANDFATHER'S  day  naval  stores  equip¬ 
ment  consisted  of  a  variety  of  odd-shaped 
irons  fashioned  by  the  user  according  to  his 
own  ideas.  These  tools  consisted  chiefly  of 
specially  shaped  axes,  hacks,  pullers,  and 
long-handled  dippers.  Barrels  and  sleds  were 
the  principal  means  of  getting  the  gum  out  of 
the  woods.  Men  gathered  gum  from  pine  trees 
in  much  the  same  way  for  a  hundred  years. 

Today  we  would  hardly  call  them  efficient;  yet 
the  first  improvement  did  not  occur  until  shortly 


Fi9ur*  I.  Diitribution  of  tlia  cost  o(  mokinq  •  borrol  of  gum.  This 
•pplios  moro  elesoly  to  •  largo  operation  than  to  a  small  gum  farmar. 

Tha  lattar  may  not  allow  anything  for  ovarhaad  and  ganaral  aipansas. 
Furtharmoro,  transportation  may  ba  sharad  with  ethar  farm  oparations. 

after  the  turn  of  the  present  century,  when  Dr. 
Charles  H.  Herty  introduced  the  cup  and  gutter 
system,  a  modification  of  the  French  method  of 
collecting  gum.  Although  the  system  was  slow 
to  be  adopted,  tins  and  cups  for  collecting  gum 
are  in  use  throughout  the  naval  stores  belt  to¬ 
day.  Additional  improvements  in  equipment 
did  not  appear  until  competing  industries  began 
to  encroach  on  the  market  for  naval  stores. 

The  latest  development  in  naval  stores  tools 
and  equipment  are  explained  in  this  article. 
Other  improvements  have  been  described  in 
an  earlier  paper  (1). 


INCEPTION  OF  EQUIPMENT 
AND  MECHANIZATION  STUDIES 

Late  in  1946  the  Southeastern  Forest  Experi¬ 
ment  Station  and  the  University  of  Florida 
Engineering  and  Industrial  Experiment  Station 
entered  into  a  cooperative  agreement  to  pursue 
work  on  equipment  and  mechanization  in  the 
production  of  naval  stores.  One  of  the  first 
exploratory  operations  was  a  field  survey  to 
determine  the  direction  in  which  to  proceed. 

In  studying  operating  costs,  it  was  learned 
that  about  two-thirds  of  the  cost  of  making 
a  barrel  of  gum  involved  labor  items,  and 
over  half  of  this  cost  was  chargeable  to  chipping, 
dipping,  hanging  and  raising.  The  distribution 
of  these  and  other  costs  is  shown  in  Fig.  1. 

Earlier  research  summarized  by  Snow  (2) 
disclosed  that  application  of  sulfuric  acid  to 
freshly  chipped  faces  would  more  than  double 
the  duration  of  gum  flow.  The  use  of  this  acid 
made  it  possible  to  reduce  the  frequency  of 
chipping  and  thereby  reduce  labor  costs. 

Early  methods  of  applying  acid  were  primi¬ 
tive,  employing  a  swab  or  brush,  and  a  fruit 
jar  or  other  suitable  container  for  the  acid. 

Insect  sprayers  and  nasal  atomizers  .were  used 
by  the  more  ingenious  operators.  Later  a 
commercial  spray  manufacturer  entered  the 
field.  The  University  of  Florida  in  co-operation 
with  the  Southern  Forest  Experiment  Station 
developed  a  lung-powered,  air -atomization  type 
of  sprayer.  Complications,  chiefly  due  to 
corrosion,  developed  in  these  devices  and  soon 
relegated  them  to  the  discard.  It  was  evident 
that  an  improved  spray  gun  was  the  prime  need. 

EQUIPMENT  FOR  APPLYING  ACID 

The  initial  squeeze -type  spray  gun  (3)  was  a 
decided  improvement  over  existing  lung-powered 
models.  But  extensive  use  in  the  woods  dis¬ 
closed  a  tendency  to  leak  at  connections  and 
rip  at  the  spout  as  a  result  of  faulty  manufacture. 

Work  was  therefore  begun  to  develop  a  leak- 
proof  unit  with  improved  spray  characteristics. 
Previous  experiences  with  corrosion  indicated 
that  a  plastic  would  be  the  material  best  suited 
to  the  purpose.  It  was  cheap,  light,  and  when 
properly  molded  would  give  faithful  reproduc¬ 
tion  to  close  tolerances  in  critical  dimensions. 

A  basic  nozzle  design  was  established,  which 
could  be  altered  or  modified  by  cementing  fittings 
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to  it.  The  models  thus  made  could  be  tested 
in  the  laboratory  and  in  the  field,  in  order 
to  determine  what  changes  in  design  were  neces¬ 
sary  to  give  the  best  performance.  In  the  early 
stages  of  experimentation  polystyrene,  a  hard 
transparent  plastic,  was  used  so  that  small 
defects  caused  by  a  faulty  mold  design  or  im¬ 
proper  molding  technique  could  be  observed 
and  corrected.  Field  tests  of  these  experi¬ 
mental  nozzles  indicated  the  need  for  an  anti¬ 
drip  shield,  and  the  necessity  of  using  a  less 
brittle  plastic.  Polyethylene,  a  flexible  plastic, 
was  substituted  as  soon  as  a  workable  design 
was  obtained.  A  considerable  number  of  the 
polyethylene  nozzles  were  then  placed  in  the 
hands  of  operators  throughout  the  naval  stores 
belt  for  testing.  The  results  of  this  test  clearly 
showed  that  with  minor  corrections  the  nozzle 
was  ready  for  production.  A  final  design  then 
was  placed  in  the  hands  of  a  manufacturer  (4). 
This  design  as  now  manufactured  is  shown  in 
Fig.  2. 


Fi9ur«  2.  T)i«  pfoducfion  of  poly^Hiyltn*  tpr«y«r 

now  monufoctwrod.  (Tho  wiro  hook  U  oHocKod  for  convoniofioo  in 
hon9in9  fho  tproyor  on  tho  troo.) 


COMBINATION  HACK  AND  SPRAYER 

Since  the  laborer  often  carries  a  cup  cover 
in  addition  to  his  hack,  carrying  a  sprayer 
as  a  third  item  becomes  inconvenient.  If  the 
hack  and  sprayer  can  be  combined  into  one 
tool,  then  chipping  and  spraying  may  be  ac- 
cohnplished  more  efficiently.  Several  operators 


have  built  combination  tools,  some  of  them  rea¬ 
sonably  successful,  but  the  need  for  a  simple, 
rugged  low-priced  spray-hack  has  not  been 
satisfied.  Our  efforts  to  produce  such  a  tool 
are  shown  in  Fig.  3.  The  initial  model.  A, 
is  fairly  satisfactory  if  the  acid  is  not  lifted 
more  than  eight  inches  above  its  level  in  the 
bottle.  At  greater  heights  squeezing  is  so 
difficult  that  the  unit  is  impractical.  There  is 
also  a  tendency  to  drip  during  chipping. 

To  overcome  these  faults  a  small  chamber 
or  trap,  which  in  effect  is' a  miniature  sprayer 
unit,  was  attached  to  the  head  of  the  hack.  With 
the  sprayer  thus  exposed  where  it  was  readily 
accessible,  the  principles  necessary  to  operation 
could  be  established.  This  laboratory  model, 

B,  was  also  given  field  tests.  The  third  model, 

C,  now  being  readied  for  field  testing,  incor¬ 
porates  the  chcunber  into  the  hack  stock.  The 
noteworthy  feature  of  unit  C  is  that  the  amount 
of  pressure  needed  to  spray  acid  from  this 
combination  tool  is  less  than  that  required  to 
operate  the  sprayer  shown  in  Fig.  2.  Further, 
many  of  its  parts  are  identical  with  those  used 
in  the  combination  puller  to  be  described  later. 

COMBINATION  PULLER 

AND  SPRAYER 

A  combination  puller  and  sprayer  is  much 
in  demand,  since  early  users  of  acid  have  now 
arrived  at  pulling  heights.  Several  models  of 
such  a  device  have  been  constructed  and  some 
are  now  on  field  test.  These  units  are  of  two 
general  types,  both  employing  essentially  the 
same  principle  of  operation;  namely,  air  pres¬ 
sure  from  a  source  below  that  of  the  actual 
sprayer  unit.  The  types  differ  in  the  size  and 
shape  of  the  plastic  bottle  at  the  head  of  the 
stock.  Our  earlier  models  placed  the  pressure 
bottle  at  the  lower  end  of  the  stock,  but  it  is 
now  being  placed  in  the  upper  half  of  the  stock 
to  avoid  damage  to  the  bottle. 

GUM  COLLECTION  EQUIPMENT 

Acid  treatments  usually  are  applied  to  bark- 
chipped  faces.  Since  bark  chipping  results  in 
a  round  face,  and  round  faces  require  an  in¬ 
cision  in  order  to  seat  straight  gutters,  a  new 
type  of  gutter,  spiral  in  form,  had  to  be  devised. 
(5)  (6)  This  gutter  is  attached  with  removable 
bill-poster  or  hide  tacks,  using  a  clip  or  magnet- 
type  of  hammer.  The  important  features  of 
this  procedure  are  that  no  incision  into  the  wood 
is  made,  and  the  gutter  can  be  re-used  since  it 
can  be  readily  removed  by  inserting  a  flat  tool 
underneath  it.  This  removal  operation  does  not 
distort  the  gutter.  Also,  simultaneous  removal 
of  the  tapered  hide  tacks  leaves  the  tree  free 
of  metals,  so  that  the  clean-boled  tree  can  be 
utilized  for  piling,  poles,  sawlogs,  or  pulpwood. 
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Recent  tests  at  the  Olustee  Experimental 
Forest  indicate  that  less  than  one  percent  of 
the  wood  is  lost  when  bark-chipped  butt  logs, 
free  of  metal,  are  converted  into  lumber.  (7) 

GUM  COLLECTING  SYSTEMS 

Current  systems  usually  employ  galvanized 
iron  cups  and  gutters.  These  cups  have  an 
average  capacity  of  about  1-1/3  quarts  when 
filled  to  the  brim,  though  capacity  varies  some¬ 
what  with  the  style  of  the  cup.  Recent  studies 
(8)  show  that  larger  cup  capacity  reduces  the 
number  of  dippings  per  season  and  thus  effects 
additional  savings  in  labor.  This  finding  indi¬ 
cates  a  need  for  a  larger  cup;  perhaps  one 
that  can  be  made  from  cheaper  material,  such 
as  paper. 

Modern  paper  technology  has  given  us  wet- 
strength,  plastic-coated  papers  that  will  with¬ 
stand  weathering.  A  bag  of  two  or  three  quarts' 
capacity  could  save  one -half  the  walking  time 
now  consumed  in  dipping.  At  each  dipping  a 
new  bag  could  be  attached  just  below  the  streak 
and  eliminate  the  scrape  that  normally  forms 
on  the  lower  part  of  each  face.  Since  a  hand- 
stapling  machine  could  be  used  to  attach  the 
bag,  any  metals  left  in  the  tree  would  be  harm¬ 
less  from  the  standpoint  of  sawing.  Develop¬ 
ment  of  such  a  bag  would  also  eliminate  the 
need  for  gutters  since  paper  can  be  made  to 
conform  to  the  shape  of  each  face. 

IMPORTANCE  OF  RESEARCH 

Equipment  and  mechanization  research  is  of 
immediate  concern  to  the  naval  stores  operator 
because  it  brings  to  him  the  means  of  utilizing 
and  putting  to  work  the  latest  scientific  dis¬ 
coveries  in  the  field.  Through  engineering 
techniques  it  translates  into  practical  use  the 
discoveries  made  in  other  phases  of  naval  stores 


Figure  3.  Davelopnianh  in  nipnrimnntnl  iqunnin  hacks.  Hack  A  it 
a  standard  bark  hack  with  a  "mII"  weight  and  fitted  with  a  tquaaxa 
spray  unit.  Hack  B  it  basically  the  tame  aicapt  that  it  hat  attached 
to  t^  head  a  small  trap  by  means  of  which  lift  and  drip  problamt 
warn  studied.  In  hack  C  the  principlat  established  in  the  above 
models  are  incorporated. 


research.  Each  of  the  new  developments  dis¬ 
cussed  is  aimed  primarily  at  one  thing:  to 
save  labor  in  the  production  of  gum.  For  by 
the  conventional  method  of  weekly  chipping, 
laborers  are  obliged  to  walk  more  than  3,000 
miles  each  year  to  complete  the  tasks  involved 
in  working  a  single  crop.  Biweekly  chipping-- 
made  possible  by  the  availability  of  efficient 
tools  for  acid  application — and  larger  cups  to 
reduce  the  number  of  dippings  will  save  miles 
for  the  worker  and  dollars  for  the  operator. 
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Further  Experiments  on  Dimensional  Stabilization 

by  Allylation 

D.  L.  KENAGA  and  REAVIS  C.  SPROULL,  Director,  Wood 

and  Paper  Section,  Southern  Research  Institute ,  Birmingham,  Ala. 


Further  studies  to  determine  the.  suita¬ 
bility  of  allylation  as  a  dimensionally  sta¬ 
bilizing  mechanism  for  wood  have  been  com¬ 
pleted.  The  following  results  were  obtained: 

1.  Blocks  3/l6-inch  thick  in  fiber  direction 
were  treated  as  completely  in  2  hours  as  48 
hours. 

2.  At  low  moisture  contents,  the  swelling 
of  treated  and  control  blocks  was  about  the 
same.  However,  the  treated  blocks  reached 
a  definite  point  beyond  which  swelling  did  not 
occur.  The  greater  the  allyl  content,  the 
lower  was  the  maucimum  amount  of  swelling. 

3.  The  treated  material  was  found  to  ab¬ 
sorb  considerably  more  water  than  the  control 
blocks  at  relative  humidities  above  50  percent. 
The  greater  the  allyl  content,  the  greater  was 
the  amount  of  water  absorbed.  However,  the 
treated  block,  on  soaking,  did  not  absorb  as 
much  water  as  the  untreated  blocks;  the  higher 
the  allyl  content  the  lower  the  maximum  water 
pick-up. 

4.  The  treated  material  lost  on  leaching  a 
slightly  greater  amount  of  weight  than  the 
weight  added  by  allylation.  On  drying  and  re¬ 
soaking,  the  effects  of  the  allylation  were  found 
to  have  been  lost. 

The  conclusion  was  reached  that  allylation 
acts  in  two  ways  to  promote  stabilization: 

(1)  the  bulking  effect  keeps  the  wood  in  a  par¬ 
tially  swollen  state,  and  (2)  above  the  humidity 
in  equilibrium  with  a  saturated  solution,  the 
excess  moisture  absorbed  by  the  hygroscopic 
material  keeps  the  wocd  swollen.  The  allyl 
pyridine  chloride  polymer  is  thus  in  the  same 
class  of  antiswelling  agents  as  urea  and  invert 
sugar  which  are  used  for  chemical  seasoning. 
Obviously  the  allylation  treatment  is  not  suitable 
for  use  in  this  manner. 

introduction 

A  paper  entitled  "Preliminary  Experiments 
on  Dimensional  Stabilization  of  Wood  by  Ally¬ 
lation"  was  published  in  the  February  1,  1950 
issue  of  Southern  Lumberman.  It  was  pointed 
out  in  this  paper  that  although  a  high  degree  of 
dimensional  stability  was  achieved  on  a  soak 
test,  the  stabilizing  mechanism  was  not  attained 
by  a  chemical  union  between  the  cellulose  and 
lignin  of  the  wood  and  the  allyl  chloride.  It  was 


probably  due  to  the  bulking  effect  of  polymerized 
allyl  pyridine  chloride  formed  within  the  wood 
cells.  Further,  it  was  stated  that  additional 
studies  on  the  nature  of  the  reaction  mechanism, 
the  hygroscopicity  of  the  treated  material,  and 
the  leachability  of  the  allyl  polymer,  were  re¬ 
quired  to  give  a  fair  indication  of  the  value  of 
allylation  as  a  method  of  attaining  dimensional 
stability  in  wood. 

This  paper  is  a  report  of  the  studies  conducted 
on  hygroscopicity  and  leachability, 

TERMINOLOGY 

Throughout  this  paper  the  term  "antishrink 
efficiency"  is  used  as  practiced  by  Forest  Pro¬ 
ducts  Laboratory.  It  is  defined  as  the  swelling 
of  untreated  blocks  minus  the  swelling  of  the 
treated  blocks  divided  by  the  swelling  of  the 
untreated  blocks.  The  term  is  thus  somewhat 
confusing,  because  it  is  defined  in  term.s  of 
swelling.  The  term  is  logical,  however, in 
treating  effect,  because  most  stabilizing  treat¬ 
ments  are  made  on  swollen  wood  and  their  action 
is  to  prevent  shrinkage. 

PROCEDURE 

Allylating  Treatment 

Southern  pine  sapwood  wafers  cut  1-5/8 
inches  tangentially,  1-3/8  inches  longitudinally, 
were  used  for  treatment.  All  wafers  were  cut 
from  the  same  bolt,  and  numbered  consecutively 
as  cut. 

The  blocks  were  treated  by  soaking  for  two 
hours  in  pyridine,  and  then  suspending  in  a 
chamber  through  which  the  vapors  of  allyl 
chloride  were  continuously  passed.  Vapors 
condensing  in  the  chamber  dripped  back  to  the 
vaporizing  flask.  Vapors  passing  from  the 
top  of  the  chamber  were  condensed  and  caught 
in  a  receiving  vessel  from  which  the  allyl 
chloride  was  continuously  returned  to  the  heated 
flask. 

For  the  work  described  herein,  six  of  sets 
of  ten  matched  blocks  were  treated  at  each  of 
2,  4,  8,  24  and  48  hours.  The  remaining  four 
blocks  were  used  as  controls.  Three  of  each 
group  of  six  treated  blocks  were  used  for  soak 
tests  to  determine  antishrink  efficiency  and 
leachability  and  the  other  three  were  used  for 
humidity  cycle  tests.  Two  controls  were  car¬ 
ried  through  each  test. 
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Soak  Tests 

The  treated  and  untreated  blocks  were  con¬ 
ditioned  over  calcium  chloride  for  over  two 
weeks  to  bring  to  a  bone-dry  condition.  After 
weighing  and  measuring  in  the  tangential  dim¬ 
ension,  they  were  soaked  for  four  hours  in 
water  at  a  constant  temperature  of  70°  F.  The 
blocks  were  removed,  excess  water  was  blotted 
off  and  the  blocks  reweighed  and  measured. 

Antishrink  efficiency  (A.  E.)  was  calculated 
as  follows: 


and  48  hours.  The  treatment  at  2  hours  was 
as  complete  as  at  48  hours.  Maximum  allyl 
treatment  obtainable  under  the  conditions  used 
was  between  20  and  25  percent  by  weight  based 
on  the  original  dry  weight.  Earlier  experience 
with  veneer  strips  had  indicated  that  a  complete 
range  of  allyl  contents,  from  4  to  5  percent  to 
about  25  percent,  would  be  obtained.  Since 
treating  procedures  were  the  same,  the  results 
obtained  are  quite  surprising  and  not  entirely 
explainable. 


Percent  A.  E.  - 

Percent  swell  of  control  -  Percent 
swell  of  treated  block  * 

Percent  swell  of  control 

Reduction  in  water  absorption  (W.  A.  )  was 
calculated  similarly: 


Percent  Red.  inW.A.  - 

Percent  increase  in  wt.  of  controls  - 
Percent  increase  in  wt.  of  treated  blocks 
Percent  increase  in  wt.  of  controls 


The  blocks  used  for  determining  the  anti¬ 
shrink  efficiency  and  water  absorption  were 
then  leached  for  7  days  in  cold  running  water. 
Measurements  were  repeated,  and  loss  in 
weight  calculated. 

Humidity  Cycle  Tests 

Blocks  were  subjected  to  increasing  and 
decreasing  humidities  by  the  use  of  saturated 
salt  solutions  held  at  constant  temperature  or 
in  controlled  conditioning  rooms.  The  humidity 
condition  with  salt  solutions  was  obtained  by 
drawing  air  at  a  moderate  rate  through  a  train 
consisting  of  a  scrubbing  tower  filled  with  the 
saturated  salt  solution  and  a  chamber  housing 
the  blocks.  Weights  and  measurements  were 
obtained  after  each  conditioning  period  of  at 
least  two  weeks. 

The  following  mediums  were  used  to  obtain 
the  humidity  indicated  at  72°  F. : 

Medium  Relative  Humidity 

Percent 

Lithium  chloride  12 

Calcium  chloride  32 

Conditioning  room  50 

Conditioning  room  65 

Potassium  chromate  88 

Water  100 

RESULTS  AND  DISCUSSION 

Effect  of  Treating  Time  on  Allyl  Content 
Table  1  indicates  the  allyl  content  obtained 
after  subjecting  the  pyridine  soaked  blocks  to 
the  vapors  of  allyl  chloride  for  2,  4,  8,  24, 


Table  1.  Allyl  content  obtained  in  southern 
pine  blocks  at  various  treating  periods 


Hours  of 


Treatment 

2 

4 

8 

24 

48 

Percent 

Allyl 

content— 

20.5 

16.5 

23.5 

20.1 

21.9 

23.5 

17.2 

23.9 

21.9 

21.5. 

25.0 

19.3 

21.5 

22.3 

19.1 

24.8 

22.1 

23.7 

19.3 

20.7 

24.7 

23.6 

23.2 

23.3 

20.4 

21.1 

21.0 

21.4 

23.4 

19.2 

Average  of 

6  blocks 

23.3 

19.9 

22.9 

21.7 

20.5 

Effect  of  Allylation  on  Tangential  Swelling 

Fig.  1  shows  the  relation  of  allyl  content  and 
tangential  swelling  caused  by  the  treatment  for 
30  treated  blocks.  The  general  slope  indicates 
a  4  percent  increase  in  allyl  content  for  a  1 
percent  increase  in  swelling. 

Effect  of  Humidity  Changes  in  Allylated  Blocks 

The  effect  on  wood  of  humidity  changes  is 
noted  by  a  change  in  weight  of  contained  moisture 
which  in  turn  causes  a  corresponding  change  in 
volume  due  to  tangential  and  radial  swelling  or 
shrinking.  Table  2  summarizes  the  effect  of 
humidity  changes  on  the  controls  and  treated 
blocks  grouped  according  to  like  allyl  contents. 

1.  Tangential  Swell  versus  Moisture  Content: 
Fig.  2  (from  data  in  Table  2)  gives  a  clear  indi¬ 
cation  of  the  mechanism  of  dimension  stabilization 
by  allylation.  At  low  moisture  contents,  the  per¬ 
cent  of  swell  of  allylated  blocks  is  about  the  same 
as  that  of  the  untreated  blocks.  Between  10  per¬ 
cent  and  20  percent  moisture  content,  the  swelling 
is  contained,  the  curves  leveling  off.  The  greater 
the  allyl  content,  the  lower  is  the  swelling  per¬ 
mitted.  The  bulking  theory  of  stabilization  pos¬ 
tulated  in  the  earlier  paper  is  thus  substantiated. 


—  Based  on  original  dry  weight. 
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Table  2 . 

Sumnary  of  Dimensional  and  o'eiaht  Changes  of  Control  and 
Allylated  Blocks  with  Changes  in  Relative  Humidity 
. (2) 


Moisture  Absorption 


(1) 


%  Ally^] ) 
Content 

0 

19.9 

21.4 

23.8 

0 

19.9 

21.4 

23.8 

Relative 

hiunidity 

% 

To 

% 

% 

% 

% 

% 

% 

'/O 

12 

1.00 

0.66 

0.69 

0.61 

4.25 

3.34 

3.72 

3.59 

32 

1.41 

1.17 

1.13 

1.08 

5.91 

5.76 

5.68 

6.31 

.!i 

50 

1.56 

1.45 

1.42 

1.28 

6.47 

6.95 

7.36 

7.69 

0)  1 
cd 

u 

65 

2.23 

2*30 

2.20 

1.74 

8.74 

11.7 

12.1 

12.9 

S  1 

M  ' 

88 

3.45 

2.73 

2.49 

1.87 

13.5 

27.9 

29.1 

31.2 

100 

3.86 

2.66 

2.44 

1.82 

14.6 

33.8 

37.0 

40.2 

S’ 

88 

3.77 

2.74 

2.50 

1.89 

14.5 

29.4 

30.2 

33.3 

tn 

cd 

50 

2.13 

1.68 

1.69 

1.46 

9.60 

8.57 

8.86 

6.97 

1.  Based  on  original  dry  weight  of  blocks. 

2.  Based  on  original  dry  tauigential  dimension  for 
control  blocks  and  treated  dry  tangential 
dimension  for  allylated  blocks. 


2.  Moisture  Content  versus  Relative  Humi¬ 
dity;  Fig.  3  indicates  the  hygroscopic  charac¬ 
teristic  of  the  allylated  blocks.  At  low  humi¬ 
dities,  the  gain  in  weight  is  somewhat  less  than 
that  of  the  untreated  wood.  Between  35  percent 
and  45  percent  relative  humidity,  depending 
upon  allyl  content,  the  gain  in  moisture  of  the 
treated  material  exceeds  that  of  untreated  wood. 
At  this  range,  35  percent  to  45  percent  relative 
humidity,  and  upward,  the  humidities  apparently 
exceed  those  in  equilibrium  with  a  saturated 
solution  of  the  allyl  pyridine  chloride.  Above 
60  percent  humidity,  the  increase  in  moisture 
content  of  the  allylated  blocks  is  extremely 
rapid.  As  would  be  expected,  the  greater  the 
allyl  content,  the  greater  is  the  amount  of 
water  absorbed. 

As  the  relative  humidity  is  decreased,  hystere¬ 
sis  is  obtained.  See  Fig.  3.  This  lag  is  typical 
for  wood  and  cellulose  materials. 

3.  Tangential  Swell  versus  Relative  Humidity: 
From  a  practical  standpoint,  dimension  stability 
depends  upon  the  swell  obtained  at  a  given  rela¬ 
tive  humidity.  In  Fig.  2  the  effect  of  moisture 
on  swelling  was  shown.  Fig.  3  indicates  how 
the  moisture  content  varied  with  change  in  humi¬ 
dity.  Neither  of  these  figures  will  show  at  a 
glance  what  happens  dimensionally  to  a  piece  of 
wood  during  a  humid  period.  Fig.  4  (data  from 


Table  2)  shows  this  relationship. 

At  low  humidities,  the  swell  of  the  allylated 
blocks  is  somewhat  lower  than  the  untreated 
blocks  because  of  lower  moisture  content  as 
noted  in  Fig.  3.  For  blocks  with  low  allyl 
content,  the  swelling  exceeds  that  of  the  un¬ 
treated  wood  between  50  percent  and  60  percent 
relative  humidity.  It  is  in  this  range  that  the 
moisture  content  increases  sharply.  When  the 
bulking  effect  is  reached,  restraining  further 
swell,  the  curve  levels  off. 

Effect  of  Four  Hour  Soak  on  Allylated  Blocks 

1.  Antishrink  Efficiency:  Fig.  5  and  Table 
3,  show  the  relationship  between  allyl  content 
and  the  antishrink  efficiency  imparted.  The 
efficiency  is  not  as  high  as  reported  in  the 
earlier  paper.  However,  it  is  more  in  line 
with  previous  experience  of  investigators  with 
other  treatments  such  as  acetylation. 

2.  Reduction  in  Water  Absorption;  Water 
absorption  by  the  treated  blocks  during  a  4- 
hour  soak  is  reduced  as  shown  in  Table  3  and 
Fig.  5.  The  effect  of  the  allylation  is  to  block 
and  thus  reduce  the  total  amount  of  water  that 
the  wood  is  able  to  absorb  when  immersed. 
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Table  3.  Antishrink  efficiency  and  reduction 
in  water  absorption  at  various  ally  contents 
on  four -hour  soak 


Block 

No. 

Allyl 

content!. 

Antishrink 
efficiency 
tang,  dimen. 

Reduction  in 

water 

absorption 

3 

Percent 

16.5 

percent 

61.2 

Percent 

29.7 

4 

17.2 

61.2 

31.1 

68 

19.1 

62.7 

25.7 

5 

19.3 

61.2 

34.1 

22 

20.1 

72.6 

30.3 

48 

20.5 

71.0 

34.5 

41 

2L5 

72.2 

34.9 

67 

21.  5 

70.0  , 

29.1 

23 

21.9 

74.8 

32.8 

65 

21.9 

71.5 

31.8 

24 

22.3 

71.6 

33.3 

49 

23.5 

73.9 

,  37.8 

39 

23.5 

75.2 

'  38.9 

40 

23.9 

75.2 

38.8 

50 

25.0 

77.2 

39.7 

Effect  of  7  Day  Leach  on  Allylated  Blocks 
Table  4  shows  the  effect  of  leaching  on  the 
ally lat ion  treatment.  At  the  end  of  the  7-day 
'  period,  the  antishrink  efficiency  was  found  to 
have  increased  slightly  over  the  4-hour  soak. 

On  drying,  it  was  found  that  each  treated  block  < 
had  lost  1  to  2  percent  more  weight  than  the 
weight  of  allyl  content  added  on  treatment.  The 
controls  lost  an  average  of  1.  5  percent  by  weight. 
When  dried. and  soaked  again  for  4  hours,  the 
antishrink  efficiency  of  the  treated  blocks  was 
negligible.  This  indicates  that  probably  the 
allyl  content  was  completely  lost  and  a  snhall 
amount  of  hydrolysis  resulted. 

Table  4 — Aatlshrlnk  Efficiency  and  Weight  Loss 
nf  Allylated  Blocks  Following  7-Days  Leach 


Antishrink  Efficiency 


Block 

Allyl 

4-Hr. 

7-Day 

Repeat 

4-Hr  Soak 
After 

Loss 

of 

lit* 

No. 

Content 

Soak 

Leach 

Leaching 

Par- 

Percent 

Percent 

Percent  A  Drying 

cent 

3 

16.5 

61.2 

60,2 

Neg. 

17.3 

4 

17.2 

61.2 

61.4 

N 

18.0 

68 

19.1 

62,7 

65.5 

It 

20,7 

5 

19.3 

61.2 

65.5 

It 

20.3 

22 

20.1 

72.6 

73.0 

It 

21.5 

48 

20.5 

71.0 

73.1 

11 

21.9 

41 

21.5 

72.2 

73.3 

N 

23.2 

67 

21.5 

70.0 

72.4 

11 

23.2 

23 

21.9 

74.8 

76,9 

n 

23.0 

65 

21.9 

71.5 

73.2 

ft 

23.4 

24 

22.3 

71.6 

72.0 

ti 

23.6 

49 

23.5 

73.9 

76.2 

n 

25.2 

39 

23.5 

75.2 

77,2 

If 

24.6 

40 

23.9 

75.2 

76.2 

ti 

25.0 

50 

25.0 

77.2 

79.8 

H 

26.4 

Average  of  10  Controls  0»57 

*Based  on  original  dry  weight. 


CONCLUSIONS 

Allylation  as  a  means  of  stabilizing  wood 
acts  in  two  ways:  (1)  The  bulking  effect  of  the 
treatment  keeps  the  wood  in  a  partially  swollen 
state  and  (2)  above  the  relative  humidity  in 
equilibrium  with  a  saturated  solution,  the  ex¬ 
cess  moisture  absorbed  by  the  hygroscopic 
material  keeps  the  wood  swollen. 

The  stabilizing  mechanism  places  allylation 
in  the  same  class  of  materials  as  used  for 
chemical  seasoning,  such  as  invert  sugar  and 
urea.  For  many  reasons,  including  high  cost 
and  corrosive  properties,  allylation  is  probably 
of  little  value  for  chemical  seasoning. 


leased  on  original  dry  weight. 
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Theory  and  Application  of  Dielectric  Heating 

K.  W.  EUBANKS,  Westinghouse  Electric  Corp.  , 

Charlotte,  North  Carolina 


Ever  since  man  began  his  experiments 
in  electricity  he  has  been  trying  to  develop 
dielectrics  which  separate  the  plates  of  a 
capacitor  so  that  they  would  not  heat  upon  the 
application  of  an  alternating  potential.  In  the 
field  of  dielectric  heating,  however,  the  di¬ 
electric  is  that  in  which  heat  must  be  generated 
when  an  alternating  voltage  is  applied. 

All  matter  is  composed  of  molecules.  Thus, 
when  a  dielectric  is  placed  in  a  rapidly  alter¬ 
nating  field,  the  molecules  are  first  stressed 
in  one  direction  and  then  in  the  other  at  the 
frequency  of  the  generator.  This  rapid  minute 
motion  of  the  individual  molecules  causes 
friction  and  the  friction  produces  heat.  Thus 
you  can  see  in  a  relatively  thick  dielectric  the 
center  section  will  start  heating  as  quickly  as 
the  outer  sections  and  no  time  is  lost  waiting 
for  the  heat  to  "soak"  into  the  material  as  in 
conventional  methods  of  heating. 

The  rate  of  heating  depends  upon  the  loss 
factor  of  the  material,  the  square  of  the  ap¬ 
plied  voltage  and  the  frequency  of  the  r-f 
power.  Thus,  in  order  to  keep  the  voltage 
down  and  avoid  frequent  flashover,  the  fre¬ 
quency  used  is  relatively  high;  between  5 
and  50  megacycles. 

EQUIPMENT  AVAILABLE 

First,  a  brief  discussion  of  r-f  generators 
available  for  this  type  of  application  and  des¬ 
cription  of  the  generators.  There  are  five 
standard  sizes  as  manufactured  by  Westing- 
house,  2,  5,  10,  20  and  50  or  100  kw.  They 
are  essentially  frequency  changers  for  con¬ 
verting  60  cycle  power  into  radio  frequency 
power.  Their  principal  components  are  (1) 

The  electronic  rectifier  which  takes  the  in¬ 
coming  A.  C.  power  and  delivers  a  suitable 
high  voltage  direct  current.  (2)  The  oscil¬ 
lator  tubes  and  associated  circuit  elements 
which  change  the  direct  current  to  alternating 
current  of  the  desired  radio  frequency.  (3) 
electrodes  for  applying  the  energy  to  the  di¬ 
electric  and  (4)  various  associated  control 
devices. 

These  generators  all  operate  from  standard 
230  or  460  volt  power  sources  and  are  three 
phase,  with  the  exception  of  the  two  and  five 
kw. units,  which  are  single  phase.  The  power 
rating  of  each  generator  is  the  output  power 
of  the  unit;  the  power  input  is  roughly  twice 
this  rating. 


INDUSTRIAL  APPLICATIONS 

Dielectric  heating  has  been  applied  to  six 
basic  industries;  (1)  plastics  (2)  rubber  (3j  wood 
(4)  food  (5)  textiles  (6)  paper.  As  this  paper 
is  being  presented  to  an  association  primarily 
interested  in  the  wood  or  lumber  industry,  the 
other  applications  will  be  covered  very  lightly. 

In  the  plastic  industry  a  great  deal  of  work 
has  been  done  in  heating  preforms  for  plunger 
molding.  The  Bryant  Electric  Company  of 
Bridgeport,  Conn,  have  about  35  of  our  2  kw. 
generators  for  preheating  preforms  in  the 
manufacture  of  plugs ,  sockets,  etc.  This 
method  is  also  being  used  by  the  Molded 
Products  Company  of  Chicago,  where  they 
heat  42  pounds  of  general  purpose  plastic 
in  approximately  two  minutes.  A  2,500-ton 
press  is  then  used  to  mold  the  familiar 
Admiral  console  television  cabinet.  Without 
the  use  of  r-f  for  this  process  it  would  have 
been  economically  impractical.  This  field 
was  one  of  the  first  and  is  one  of  the  largest 
using  radio  frequency  heating  today. 

In  the  rubber  industry,  molded  rubber  pro¬ 
ducers  make  considerable  use  of  this  versa¬ 
tile  tool.  Also,  the  large  rubber  companies 
are  now  using  radio  frequency  heating  exten¬ 
sively  in  the  curing  of  foam  rubber  mattresses. 
The  even  heating  of  the  entire  rubber  mass 
accounts  for  a  much  better  product. 

In  the  textile  field  extensive  experiments 
have  been  carried  out  in  drying  and  twist¬ 
setting  rayon  and  other  fibers.  Continuous 
moving  belts  are  used  to  carry  the  cakes 
between  the  electrodes  of  a  generator.  The 
electrodes  in  turn  are  enclosed  in  an  oven. 
Usually  an  auxiliary  blower  is  used  to  remove 
the  moisture  when  drying  textiles  so  that 
the  moisture  will  not  hinder  the  drying  process. 
Ordinary  steam  heated  ovens  require  44  hours 
to  dry  one  pound  cakes.  Using  a  100  kw.  13.6 
r-f  generator  and  auxiliary  hot  air  circulating 
equipment.  However,  pilot  lines  are  now  in 
operation  and  we  hope  to  see  more  use  of  r-f 
heating  in  the  textile  field  in  the  near  future. 

In  the  food  industry  some  companies  have 
spent  huge  sums  on  trying  to  perfect  a  vending 
machine  to  dispense  cooked  frankfurters  on  a 
hot  roll.  Also,  another  important  problem  is 
the  loss  of  wheat  and  other  grains  due  to  in¬ 
sect  infestation.  It  has  been  discovered  that 
r-f  heating  is  lethal  to  these  insects  whether 
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they  be  in  the  egg,  larva,  or  adult  stage. 
Processed  breakfast  foods  and  flour  manu¬ 
facturers  take  advantage  of  this  property  of 
r-f  heating  and  there  are  several  installations 
in  the  country. 

WOOD  INDUSTRY  INSTALLATIONS 

The  woodworking  industry  is  rapidly  becom¬ 
ing  an  important  user  of  r-f  energy.  With  this 
process  it  is  necessary  to  use  the  new  thermo¬ 
setting  resin  glues.  The  old  hide  or  animal 
glues  have  water  that  must  be  driven  from  the 
glue  joint.  Thus  when  you  apply  sudden  heat 
this  type  of  glue  bubbles  and  boils,  leaving  a 
weak  foamy  joint.  Radio  frequency  heating  is 
applied  in  three  different  ways,  depending  on 
the  particular  problem. 

(1)  In  through  heating,  the  electrodes  are 
placed  parallel  with  the  glue  line  and  the  entire 
mass  of  wood  is  heated.  This  could  be  used 

in  the  manufacture  of  plywood  sheets  or  curved 
chair  seats,  etc. 

(2)  In  edge  gluing,  the  electrodes  are  placed 
perpendicular  to  the  glue  lines.  Since  the  wet 
glue  lines  have  greater  conductivity  most  of 
the  power  flows  into  the  glue  line.  This  method 
is  used  in  gluing  core  stock. 

(3)  In  stray-field  heating  the  electrode  con¬ 
sists  of  strips  of  aluminum  or  brass  and  the 
power  flows  from  one  electrode  down  to  the 
glue  line  and  back  to  the  adjacent  electrode. 

This  method  is  used  to  set  glue  lines  that  are 
accessible  from  only  one  surface,  such  as 
attaching  stiffening  members  to  plywood  panels 
in  the  manufacture  of  television  cabinets. 

The  Earle  Hart  Woodworking  Machinery 
Company  in  Chicago  manufactures  a  typical 
core- stock  press.  This  is  an  air  operated 
press  using  a  standard  10  kw.  r-f  generator 
for  wood  gluing.  The  narrow  boards  come  to 
the  lay-up  man  on  a  conveyor  after  passing 
over  a  glue  wheel.  When  a  load  is  ready  an 
air  operated  mechanism  feeds  the  loose  panel 
into  the  press  at  the  same  time  pushing  the  cured 
panel  out  the  other  side.  After  the  panel  is  in 
place,  the  operation  is  automatic  in  that  the 
pressure  is  applied  and  after  it  reaches  a  cer¬ 
tain  point  a  pressure  switch  turns  the  generator 
on-and  after  a  predetermined  time  the  generator 
shuts  off  and  the  press  opens. 

The  essential  parts  of  this  tvpe  of  core-stock 
press  consist  of  the  pressure  cylinders  along 
the  side  that  apply  approximately  200  psi. 
to  the  glue  line,  and  small  cylinders  at  the  top 
to  apply  slight  pressure  of  just  sufficient  strength 
to  prevent  the  panel  from  buckling. 


The  Weldon  Flinchbaugh  Company  of  York, 

Pa. ,  manufacture  a  hydraulic  press  capable 
of  applying  ‘extreme  pressures  and  glues  stock 
up  to  five  inches  thick  with  only  minor  adjust¬ 
ments.  All  of  these  presses  are  enclosed  in 
aluminum  housings  to  prevent  r-f.  radiation 
that  might  interfere  with  existing  communication 
channels.  This  press  is  a  batch  type  like  the 
Earl  Hart  machine  described  previously.  The 
Hoover  Chair  Company  of  Lexington,  N.  C. , 
and  the  Bradley  Plywood  Company  of  Savannah, 
Ga. ,  are  among  those  who  have  installed  these 
hydraulic  presses. 

For  users  who  desire  more  than  10,000  board 
feet  of  completed  panels  per  day  the  G.  M.  Diehl 
Company  manufactures  a  continuous  type  of 
press  capable  of  producing  14,000  to  20,000 
board  feet  a  day.  On  this  press  the  loose  panels 
are  first  flattened  by  pressure  rolls  and  side 
pressure  is  applied  by  special  spring  loaded 
clamps  as  the  panels  move  under  an  electrode 
floating  about  1/8  inch  above  the  panel.  The 
clamps  themselves  form  the  ground  electrode 
to  complete  the  circuit.  These  high-production 
units  reduce  the  time  for  gluing  a  panel  with 
the  old  hand  clamps  from  4  to  8  hours  down  to 
20  to  40  seconds.  Great  savings  result  from 
reduced  labor  costs,  smaller  floor  space,  fewer 
rejects  and  increase  in  production.  These  com¬ 
plete  installations  including  the  r-f.  generator 
range  in  price  from  about  $13, 000  for  the  batch 
press  to  about  $18,000  for  the  continuous  press. 

In  the  field  of  plywood  construction,  radio 
frequency  heating  has  been  recently  applied  to 
the  tapeless  splicing  of  veneer.  The  G.  M. 

Diehl  No.  900  tapeless  splicers  have  recently 
been  equipped  with  Westinghouse  2  kw.  13.6  me. 
generators.  The  use  of  r-f.  for  this  process 
is  particularly  advantageous  on  the  thicker  ve¬ 
neers.  For  instance,  production  on  3/16-inch 
stock  rose  from  25  feet  per  minute  to  60  feet 
per  minute.  Speeds  up  to  85  feet  per  minute 
could  be  obtained  if  the  operators  could  handle 
the  veneer  that  fast. 

In  the  furniture  field,  serpentine  curved  fronts 
and  curved  plywood  chair  seats  and  backs  are 
an  excellent  application  for  radio  frequency 
heating.  For  this  application  the  Columbia 
Machinery  and  Engineering  Company  of  Hamil¬ 
ton,  Ohio,  manufacture  a  hydraulic  press  with 
a  large  opening  and  they  will  engineer  the  entire 
set-up.  This  type  of  press  uses  a  10  kw.  genera¬ 
tor.  The  American  Furniture  Company  of 
Batesville,  Ind.  ,  have  installed  such  a  press  to 
make  curved  serpentine  fronts  and  Southern 
Desk  of  Hickory,  N.  C.  have  an  installation 
making  chair  seats  and  backs.  In  the  process, 
through  heating  is  used  and  the  entire  mass  of 
wood  is  heated.  In  spite  of  this  the  glue  can  be 
set  in  three  to  four  minutes  and  it  is  possible 
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to  get  high  production  with  a  single  set  of  dies. 

In  the  cold  setting  method  a  large  number  of 
expensive  forms  have  to  be  maintained  in  order 
to  get  the  necessary  production.  Thus  r-f.  has 
increased  production,  reduced  costs  and  more 
uniform  results  are  obtained. 

Assembly  gluing  of  cabinets,  chests  and 
furniture  is  becoming  more  and  more  common. 
Radio  and  television  cabinet  makers  were  quick 
to  use  r-f.  for  both  subassembly  and  complete 
assembly  work.  The  Gavan  Company  of  Atlanta 
have  installed  several  2  kw.  generators  to 
manufacture  small  radio  cabinets.  The  Red 
Lion  Cabinet  Company  of  Red  Lion,  Pa.  have 
about  25  units  installed,  being  2,  5  and  10  kw. 
ratings.  They  use  this  method  to  completely 
assemble  television  cabinets.  As  cabinets 
differ  so  in  shape  and  size,  it  is  impossible  to 
build  a. standard  press  and  each  application 
must  be  engineered  individually  and  special  jigs 
constructed. 

In  all  of  these  applications  extreme  care 
must  be  taken  to  prevent  r-f.  radiation  that 
would  cause  interference  to  aircraft  radio, 
etc.  The  Federal  Communication  Commission 
issued  regulations  in  June  1947  limiting  the 
alowable  radiation  from  such  an  installation. 

Our  generators  are  all  guaranteed  to  be  well 
within  the  limits  as  to  radiation.  If  the  press 
or  jig  is  standard  and  we  have  conducted  tests 
on  installations  that  are  duplicate  we  will  give 
our  blanket  approval  of  the  installation.  Other¬ 
wise,  if  it  is  special  we  must  run  tests  unless 
the  customer  wants  to  run  the  risk  of  causing 
interference. 


All  of  the  applications  discussed  have  been 
justified  with  years  of  actual  operation  in  in¬ 
dustry.  Radio  frequency  heating  is  now  an 
established  tod  of  industry  because  it  is  quicker, 
cleaner,  economical  and  can  produce  a  better 
product.  We  are  investigating  new  fields  every 
day  and  have  every  reason  to  believe  that  the 
thousands  of  kilowatts  now  in  operation  will  be 
expanded. 
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Effects  of  Taper  Sawing  and  Log  Turning 


C.  J.  TELFORD,  Technologist,  Forest  Products 
Laboratory ,i-  Forest  Service,  U.  S.  Department  of  Agriculture 


Taper  sawing  increases  both  the  quantity 
p£  lumber  and  the  percentage  of  high  grade 
material  available  in  the  log.  These  benefits 
extend  to  the  edger.  It  requires  more  highly 
skilled  sawyers  and  slightly  more  headsaw  time. 

None  of  the  several  methods  have  been  stand¬ 
ardized  by  the  industry  even  in  the  Inland  Em¬ 
pire,  the  only  area  extensively  practicing  taper 
sawing,  and  where  the  art  is  most  highly  devel¬ 
oped. 

Taper  sawing  of  large,  good  white  pine  and 
ponderosa  logs  is  definitely  worthwhile.  How¬ 
ever,  the  break-even  point  in  log  diameter  and 
quality  remains  to  be  determined  in  the  light 
of  present  costs  and  returns,  and  no  data  is 
available  on  taper  sawing  the  associated  species. 

Mill  operators  often  raise  questions  as  to 
what  taper  sawing  really  is,  whether  there  is 
a  net  gain  from  its  use,  and,  if  so,  whether 
this  gain  holds  for  all  species,  log  grades  and 
log  sizes. 

The  original  patent  on  taper  sawing  (Method 
for  Sawing  Tapered  Logs.  U.S.  Patent  No. 
1,146,655,  issued  July  13,  1915,  to  Tyree  Rodes.) 
covers  the  general  method.  The  basic  principle 
is  to  saw  parallel  to  the  bark,  taking  out  the 
taper — "straightening  the  cant"--from  the  in¬ 
terior  portion.  The  advantages  claimed  are 
better  grade  recovery — with  the  high-quality 
outside  boards  yielding  greater  widths  and 
lengths  as  well  as  greater  footage  recovery 
from  the  log,  a  straight -grained  product,  and 
in  timber  with  ring  shake,  less  shake  through 
the  thickness  of  the  board.  The  disadvantage 
is  that  taper  sawing  requires  more  time  and 
trained  personnel. 

A  point  apparently  not  generally  recognized, 
even  in  the  original  patent  (Fig.  1),  is  that  no 
use  of  the  taper  levers  results  in  sawing  parallel 
to  the  bark  on  any  bark  face  placed  against  the 
knees.  Thus  in  the  most  expeditious  method, 
sawing  "alive*  ,  the  second  face  will  be  sawed 
parallel  to  the  bark.  If  all  four  faces  are 
sawed,  two  of  them  are  bound  to  be  sawed 
parallel  to  the  bark.  A  sawyer  can  capitalize 
on  this  fact  by  putting  a  good  face  to  the  knees 
and  cutting  lightly  at  first  on  the  more  defective 
ones. 


l^vlainlained  at  Madison,  Wisconsin  in  coopera¬ 
tion  with  the  University  of  Wisconsin, 


The  Rodes  method  of  taper  sawing  is  one  of 
several.  It  will  be  noted  that  Fig.  2  indicates 
that  two  boards  from  each  of  two  opposite  faces 
are  taper  sawed  and  that  the  cant  is  straightened 
on  each  face  before  it  is  turned.  In  high-quality 
logs  the  straightening  will  be  in  high  quality 
material  of  greater  width  than  if  tapering  were 
omitted--a  questionable  practice.  Most  sawyers 
would  not  straighten  on  the  first  face,  but  would 
straighten  the  cant  on  the  opposite  face,  pre¬ 
ferably  after  working  deeply  enough  to  reach 
lower-grade  material.  The  other  two  faces  in 
the  Rodes  diagram  (Fig.  3)  are  correctly  sawed, 
straightening  being  done  on  one  face  at  the  low 
grade  center. 

The  minimum  use  of  taper  levers  usually 
classed  as  taper  sawing  is  where  a  high-grade 
face  of  a  log  of  excessive  taper  is  brought  to 
the  saw  first,  this  face  being  taper  sawed. 

Usually  the  cant  is  straightened  on  the  opposite 
face.  As  explained  earlier,  the  same  result 
is  had  by  placing  this  high-grade  face  against 
the  knees  without  using  the  taper  levers.  This 
latter  should  prove  a  speedier  method. 

The  degree  to  which  taper  levers  are  used 
varies  between  regions;  and  within  a  region  it 
varies  between  mills.  Mills  in  the  coastal 
Douglas  fir  region  as  a  rule  do  not  use  taper 
levers.  Inland  Empire  mills  are  more  in¬ 
clined  to  use  them.  Some  mills  use  them  only 
on  high  quality  logs  with  pronounced  taper, 
and  at  the  other  extreme  are  mills  apparently 
using  taper  levers  on  the  mill  run  logs. 

There  is  no  industry-wide  acceptance  of 
taper  sawing  in  the  Inland  Empire.  Perhaps 
the  reason  will  be  brought  out  in  the  ensuing 
discussion.  Certainly  more  factual  information 
on  the  benefits  has  been  developed  here  than 
for  any  other  region.  An  excellent  analysis  by 
Bradner  was  published  in  the  June,  July  and 
August  issues  of  the  1927  Timberman,  entitled 
"Sawmill  Efficiency  not  Measured  by  Volume 
of  Production.  "  An  excerpt  from  this  article 
under  the  same  title  is  available  as  a  technical 
paper  at  the  Northern  Rocky  Mountain  Forest 
and  Range  Experiment  Station,  Missoula,  Mont. 

Since  this  analysis  of  the  two  methods  of 
sawing  is  used  as  a  basis  for  conclusions,  an 
examination  of  the  validity  of  method  is  essen¬ 
tial.  The  number  of  logs  studied  or  sampled 
is  large  enough  to  indicate  clearly  any  trends 
that  may  exist,  and  the  method  used  to  determine 
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the  average  sawing  time  and  lumber  tally 
by  width  and  grade  for  diameter  classes 
seems  to  follow  approved  practice.  These 
values  for  western  white  pine  are  based  on 
438  logs  having  a  net  log  scale  (Decimal  C 
Scribner)  of  85,848  board  measure  (Table  1).  . 

The  values  for  sawing  time  for  western  white 
pine  appear  to  be  based  on  1,624  logs  having 
a  net  log  scale  of  219,240  board  measure,  and 
for  ponderosa  pine  on  2,280  logs  having  a  net 
log  scale  of  approximately  342,000  board 
measure  (Table  2).  Obviously  the  sample  is 
adequate. 

No  definite  explanation  is  given  by  Bradner 
for  two  other  aspects  inherent  in  such  a  com¬ 
parison.  First,  there  is  no  clue  as  to  the 
difference  in  sawing  methods  other  than  a 
statement  that  at  Mill  A  the  most  approved 
method  of  tapering,  turning  and  cutting  up 
the  log  was  standard  practice,  whereas  at 
Mill  B  no  standard  method  of  taper  sawing 
was  used  other  than  cutting  parallel  to  the 
bark  on  one  face  on  occasional  butt  logs  having 
excessive  taper.  Since  various  degrees  of 
taper  sawing  are  practiced  with  presumably 
differing  recovery  values,  a  definition  of 
"most  approved  method"  would  strengthen  the 
comparison.  Second,  no  figures  are  given  as 
to  the  sizing  precision  of  the  two  mills.  This 
is  the  unintentional  variation  in  thickness  due 
to  machine  and  human  limitations.  A  differ¬ 
ence  in  such  variation  between  the  two  mills 
would  relate  back  to  quantity  differences  in 
recovery,  and,  unless  considered,  would  re¬ 
late  back  to  the  validity  of  comparisons  of 
quantity  outruns.  The  difference  in  percent¬ 
ages  cut  into  the  various  nominal  thickness 
classes  apparently  is  entered  into  the  compari  ¬ 
son,  and  the  effect  of  width  is  recognized 
(Table  1). 

The  original  tables  from  the  references 
given  carry  the  comparison  to  a  dollar  evalua¬ 
tion  of  the  gain  resulting  from  taper  sawing. 
This  is  deleted  in  the  tables  presented  here 
because  lumber  values  and  sawmill  costs  of 
the  original  study  period  (1920-1925)  do  not 
represent  current  ones. 

Significant  points,  as  indicated  by  Table  1, 
are  that  taper  sawing  resulted  in;  (a)  More 
lumber  from  a  similar  volume  of  matched 
logs  than  did  nontaper  sawing,  (b)  Increased 
percentages  of  the  higher  grade  product, 

(c)  Increased  percentages  of  wide  boards  in 
the  better  grades,  (d)  Comparatively  slight 
increase  in  headsaw  time.  The  advantages 
from  (a),  (b)  and  (c)  were  so  pronounced  as 
to  exert  a  decided  boost  to  returns  in  western 
white  pine  logs  of  both  grade  1  and  grade  3. 


Apparently  it  is  a  good  practice  to  taper  saw 
even  the  white  pine  logs  of  the  poorest  grade  — 
log  grade  3 — in  diameters  of  15  inches  and  up. 
Advantages  of  taper  sawing  this  class  of  logs 
included  (1)  9.3  percent  more  lumber  was  cut 
from  a  similar  volume  of  logs;  (2)  in  each  1,000 
board  feet  cut,  104  board  feet  more  were  ob¬ 
tained  which  graded  above  No.  3  Common;  (3) 
in  each  1,  000  board  feet  cut  there  were  182  board 
feet  more  in  widths  10  inches  or  wider  in  the 
Select  grade  group  and  655  board  feet  more  in 
widths  12  inches  or  wider  in  the  No.  1  Common 
and  No.  2  Common  grade  groups. 

As  expected,  the  advantage  from  taper  sawing 
the  high-grade  logs — log  grade  1 —  is  even  greater. 
Corresponding  values  were  11.3  percent  more 
lumber  from  a  similar  volume  of  matched  logs; 

197  board  feet  more  that  graded  above  No.  3 
Common  in  each  1,  000  feet  board  measure;  413 
board  feet  more  in  widths  10  inches  and  wider 
for  each  1,000  feet  board  measure  in  the  Select 
grades;  and  634  board  feet  more  in  widths  12 
inches  or  wider  in  the  No.  1  Common  and  No.  2 
Common  grades. 

The  question  arises  as  to  what  is  the  minimum 
diameter  of  log  carrying  an  advantage  in  taper 
sawing.  Bradner 's  study  does  not  bring  out  this 
point.  The  only  indicator  of  a  possible  break¬ 
even  minimum  size  appears  in  Table  2.  The 
data  of  Table  1  are  based  upon  438  logs  with 
diameters  ranging  from  15  to  26  inches.  Those 
’  in  Table  2  are  based  upon  1,624  logs  with  diam¬ 
eters  ranging  from  6  to  26  inches.  By  taper 
sawing,  9.1  percent  more  lumber  was  cut  from 
a  similar  volume  of  logs  in  the  15  inch  to  26 
inch  group  and  5.  2  percent  in  the  6  inch  to  26 
inch  group.  It  is  questionable  whether  taper 
sawing  was  done  on  logs  below  9  inches  in  diam¬ 
eter.  This  comparison  simply  indicates  that  less 
gain  results  when  small  as  well  as  large  logs 
are  included  in  the  sample. 

The  data  presented  are  inadequate  to  permit 
an  operator  to  determine  present  day  advantages 
or  to  approximate  the  break-even  diameter  by 
substituting  his  current  values  and  costs,  since 
the  sawing  time  per  log  as  presented  is  the 
weighted  average  for  the  diameter  range  (Table 
2)  and  since  no  detailed  breakdown  of  outrun  by 
grade,  width  and  thickness  class  is  given  for 
ponderosa  pine  and  is  given  only  for  logs  15 
inches  and  up  in  white  pine.  A  study  for  logs 
under  15  inches  seems  essential  to  clarify  the 
break  even  diameter  unless  the  original  data 
of  Bradner 's  work  are  available. 

Moreover,  some  method  should  be  devised 
to  fix  the  most  advantageous  method  of  taper 
sawing  as  a  guide  to  sawyers.  In  Bradner 's 
original  article  the  probable  differences  in 
sawyer  skills  were  recognized  and  the  conclusion 
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remched  that  the  sawyer  who  did  the  taper  saw¬ 
ing  apparently  was  more  skilled  than  the  other. 
Comparatively  slight  emphasis  was  given  to 
the  fact  that,  regardless  of  sawyer  skill,  a 
better  recovery  of  grade,  width,  length  and 
quantity  can  be  made  on  the  edger  from  ma¬ 
terial  having  relatively  uniform  width  for  the 
full  length  (taper  sawed)  than  from  that  wider 
at  one  end  than  at  the  other  (nontaper  sawed). 

This  discussion  of  the  original  report  must 
at  first  reading  seem  critical.  Bradner's 
presentation,  however,  remains  today  the  best 
analysis  in  this  field.  The  author  is,  and  the 
industry  should  be,  appreciative  of  this  original 
work,  which  so  clearly  brings  out  hitherto  ob¬ 
scure  facts  so  pertinent  to  mill  operation. 

In  conclusion,  it  appears  that  there  is  avail¬ 
able  some  excellent  guidance  on  the  advantage 
of  taper  sawing  large  white  pine  and  ponderosa 
pine  logs  of  all  grades.  There  is  no  refinement 
of  the  break  even  point  for  both  species,  nor 
comparable  analysis  for  larch,  Douglas  fir  and 
associated  species  and  that  it  vrould  be  desirable 
to  explore  the  relative  advantages  of  variation 
in  method  of  taper  sawing. 


FIGURE  1 

Dlagran  on  Rodas  patent  Uluatrating 
nontapar  sawing 


FIGURE  2 

Diagraa  on  Rodas  papant  Illustrating 
taper  sawing  of  first  two  faces 


Table  2.  Taper  sawing  in  sound  log  runs 
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Data  in  this  table  were  taken  fron  "Satmill  Efficiency  not  Uoasured  by  Volune  of 
Production",  by  1!.  Bradnor,  The  Tlrbomm,  Vol.  28,  Nos.  8,  9  .and  10,  1927. 
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Data  In  this  table  were  taken  from  "Sawmill  Efficiency  not 
Measured  by  Volume  of  Production,"  by  M.  Bradner,  Vol.  28, 
Nos.  8,  9,  and  10,  1927,  The  Tlmberman. 


New  Dry  Kiln  Practices 

AL3ERT  HERMANN,  Research  Engineer, 
Western  Pine  Association.  Portland.  Ore. 


The  subject  assigned  to  me  is  a  particu¬ 
larly  fitting  one  for  a  representative  of 
the  Western  Pine  industry  because  for  28  years 
the  Western  Pine  Association  has  had  one  or 
more  men  on  its  staff  whose  principal  duties 
have  been  (a)  to  render  technical  help  to  its 
members  in  the  field  of  seasoning,  (b)  to  make 
needed  researches  in  seasoning  whether  in  the 
kiln,  the  yard,  or  by  such  means  as  drying 
with  solvents,  (c)  to  investigate  other  potenti¬ 
ally  useful,  unorthodox  methods  of  seasoning 
and  to'encourage  or  discourage  their  adoption 
by  the  pine  industry,  as  results  dictated,  (d) 
to  maintain  personal  contact  with  principal 
users  of  Western  Pine  products,  (specifically 
sash  and  door  factories)  so  as  to  find  mutually 
advantageous  practices,  with  regard  to  mois¬ 
ture  content,  freedom  from  objectionable  dry¬ 
ing  stresses,  and  excessive  moisture  content 
range  etc. 

That  this  program  has  borne  fruit  is  beyond 
cavilling.  Today  the  Western  Pine  industry 
enjoys  a  reputation  among  knowing  buyers  for 
dry  lumber  that  has  been  hard  earned  but  well 
earned.  The  average  dryness  of  the  western 
pines  as  shipped  is  thoroughly  established  by 
an  extensive  survey  conducted  by  association 
staff  members  in  1949  and  1950  in  which  5,  620 
moisture  content  readings  were  taken  on  stock 
ready  for  shipment  at  70  mills  scattered  through 
5  producing  states.  These  tests  show  an  aver¬ 
age  of  10.1  percent  for  4/4  common  grades 
alone.  This,  of  course,  is  lower  than  the 
uses  for  much  of  our  common  grades  dictate, 
but  is  evidence  that  the  western  pines  are 
thoroughly  dried  before  shipment.  Frankly, 

I  doubt  that  any  other  region  can  hold  a  candle 
to  that  record.  As  a  matter  of  fact  that  average 
moisture  content  in  common  is  too  low  for  good 
economy,  since  degrades  rise  surprisingly  with 
lowered  moisture  content  as  shown  by  ^  study 
made  by  Edwin  Knight  and  D.  D.  Cook-/ at 
Bend,  Oregon  last  fall.  Lowered  freight  char¬ 
ges  are  but  poor  compensation  for  the  loss  in 
grade  experienced  with  each  1  percent  lowering 
of  moisture  percentage  below  14  percent. 

For  most  common  uses  14  percent  stock 
would  be  quite  as  serviceable  as  10  percent 
stock.  If  such  items  as  knotty  paneling  are 
needed  at  8  percent  M.  C.  the  specification 
can  be  readilv  met  by  most  kiln  drying  mills, 

1/  "Degrade  of  Ponderosa  Pine  Common  Lum¬ 
ber  as  Related  to  Moisture  Content",  Wes¬ 
tern  Pine  Assoc.  Lab.  Note  No.  40. 


but  only  such  portion  of  the  common  grades 
as  are  intended  for  these  uses  should  be  dried 
to  such  low  values,  and  the  cost  of  attaining 
such  low  moisture  figures  in  the  form  of  de¬ 
grade  as  well  as  direct  costs  should  be  chargjed 
against  the  item  in  question. 

To  date  no  studies  on  species  or  grade  other 
than  Ponderosa  pine  common  have  been  made 
but  Idedio  white  pine,  fir  and  larch  and  white 
fir  common  are  on  the  calendar  for  1951.  Re¬ 
sults  will  be  published  as  soon  as  available. 

I  think  it  behooves  mill  management  and  sales 
offices  to  acquaint  themselves  with  grade  los¬ 
ses  which  accompany  that  which  for  lack  of  a 
better  ncime  we  call  "over -drying". 

Such  grades  as  shop  and  selects  will  no  doubt 
also  be  studied  as  time  permits  and  the  de¬ 
grades  associated  with  low  moisture  contents 
will  be  measured  and  evaluated.  If  and  when 
prices  are  adjusted  to  actual  cost  there  may  be 
less  tendency  to  specify  8  percent  moisture 
content  for  boards  intended  for  sheathing  as  is 
now  sometimes  the  case.  As  a  matter  of  fact 
^there  is, much  specification  of  needlessly  low 
moisture  content  by  government  agencies  and 
by  buyers  for  the  retail  trade,  that  should  tend 
to  correct  itself  when  proper  dollar  marks  are 
set  against  low  moisture  content  specifications. 
In  my  opinion  the  day  is  not  far  off  when  buyers 
will  be  confronted  with  markedly  higher  prices 
of  common  grades  when  they  are  specified 
below  14  percent.  It  costs  real  dollars  and  lots 
of  them  to  drop  below  this  figure.  What  the 
effect  of  grade  losses  against  lower  moisture 
contents  in  select  and  factory  grades  might  be 
I  would  rather  not  even  speculate  upon  at  this 
time.  Such  losses  are  there,  beyond  doubt, 
but  the  determination  of  their  magnitude  in 
dollars,  must  await  future  studies. 

By  and  large  the  manufacturer  of  the  Wes¬ 
tern  pines  is  meeting  his  responsibilities  in 
turning  out  well  dried  and  thoroughly  dried 
lumber  of  all  grades.  There  are  exceptions, 
of  course,  but  it  is  neither  my  purpose  nor 
desire  to  point  an  accusing  finger  at  any  com¬ 
pany  or  any  producing  region  for  doing  less 
than  a  good  job.  Rather  I  should  like  to  exam¬ 
ine,  with  you,  what  happens  or  may  happen  to 
well  dried  stock  after  it  leaves  the  hands  of 
a  competent  kiln  operator,  working  with  good 
kilns,  on  a  producing  schedule  well  within  the 
rate  of  capacity  of  those  kilns.  Briefly  the 
question  I  should  like  to  raise  is  this.  Does 
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a  top-notch  job  of  drying  at  a  western  mill 
assure  the  ultimate  consumer  of  getting  his 
lumber  in  the  fine  condition  in  which  it  left 
the  kilns  ?  I'm  afraid  it  does  not,  and  with 
your  permission  I'd  like  to  take  a  look  at  some 
of  the  things  that  may  go  wrong. 

KILN  OPERATOR  TAKES 

UNMERITED  BLAME 

Frequently  the  kiln  operator  is  almost  the 
only  technically  trained  man  in  a  sawmill  who 
has  any  part  in  lumber  production,  and  I  know 
of  literally  dozens  of  them  who  are  dishearten¬ 
ed  by  what  may  or  does  happen  to  their  care¬ 
fully  prepared  material  once  it  is  out  of  their 
hands.  At  many  plants  the  kiln  superintendent 
has  no  authority  beyond  the  unstacker,  but  un¬ 
fortunately  his  responsibility  often  does  not  end 
until  six  months  after  the  lumber  is  used  say 
in  a  Long  Island  living  room.  Let  anything  go 
wrong  in  the  interim  and  the  blame  promptly 
rests  on  those  damned  dry  kilns  and/or  the 
screwball  who  runs  them.  Well,  sometimes 
he  is  to  blame,  but  more  often  he's  merely  a 
whipping  boy  for  other  people's  mistakes  or 
carelessness,  or  is  the  victim  of  just  plain 
perverse  circumstances.  Let's  get  down  to 
cases. 

Last  fall  as  I  was  completing  the  season's 
field  work  in  kiln  drying,  I  happened  upon  a 
tempest,  literally  and  figuratively.  All  of  you 
who  live  in  the  Northwest  will  remember  three 
weeks  of  stormy  weather  in  the  latter  part  of 
October  during  which  rainfall  was  excessive 
and  was  accompanied  by  high  winds  and  above 
normal  temperatures  (at  least  for  such  stormy 
weather).  Arriving  at  a  mill  in  this  stormy 
period,  (it  might  have  been  any  one  of  125  or  so 
in  the  storm  area,  so  don't  try  to  identify  it) 

I  was  asked  to  look  into  the  reasons  for  the 
very  poor  working  qualities  of  a  batch  of  6/4 
Ponderosa  pine  shop  lumber  being  ripped  and 
resawed  for  very  critical  uses.  Detailed  ques¬ 
tioning  developed  these  facts.  Kiln  drying  had 
been  completed  some  3  weeks  before,  the  lum¬ 
ber  being  dried  to  8  percent  average  moisture 
content  according  to  the  kiln  operator.  It  was 
promptly  unstacked  in  dry  weather,  put  up  in 
solid  packages  of  about  1,600  feet  B.  M.  and 
the  packages  stacked  4  high  in  a  3  sided  shed 
with  a  perfectly  tight  roof.  Now,  when  the 
stock  was  being  ripped  and  resawed  it  was 
literally  "going  to  hell".  The  bowing  of  2-inch 
by  l6-foot  when  resawed  was  something  to  seel 
Swell  for  hockey  sticks  or  nail  keg  staves,  but 
for  nothing  else.  Here  was  good  lumber,  reas¬ 
onably  well  dried,  and  unfit  to  use  for  anything 
else  3  weeks  later!  The  reason?  It  was  one 
of  those  "perverse  circumstances"  cases  men¬ 
tioned  earlier.  To  examine  the  stock,  several 
packages  were  set  down  from  the  shed  piles, 


and  numerous  courses  were  explored  in  detail 
with  a  calibrated  moisture  meter.  The  mois¬ 
ture  pattern  in  each  package  was  substantially 
the  same  and  ran  something  like  this.  The  ends 
of  the  top  pieces  showed  rather  consistently 
19  percent  M.  C.  tapering  off  to  about  14  percent 
at  the  center  of  the  length.  Four  or  five  courses 
down  in  the  packages,  all  ends  ran  about  19  per¬ 
cent,  center  of  edge  boards  14  percent  and 
middle  pieces  averaged  9  percent.  This,  in 
my  opinion,  immediately  absolved  the  kiln 
operator  for  I  challenge  anyone  to  dry  a  lot 
of  16 -foot  lengths  of  shop  lumber  to  9  percent’ 
at  the  center  of  the  length  and  19  at  both  ends. 
Take  my  word  for  it,  gentlemen,  it  can't  be 
done  in  any  acceptable  dry  kiln.  One  piece  — 
possibly  but  most  improbably.  Fifty  pieces  — 
never!  The  explanation  obviously  is  that  the 
packages  had  not  been  rained  upon  or  the  mois¬ 
ture  content  readings  in  the  load  would  have 
been  quite  different.  If  we  assume  that  the 
ends  of  the  lumber  picked  up  9  or  10  percent  in 
moisture  content,  then  in  the  light  of  known 
characteristics  of  wood,  the  whole  picture  is 
clear.  It  was  water  vapor  in  the  air  which  did 
the  dirty  work,  \4ore  simply,  it  was  the  near 
saturation  relative  humidity  accompanying  20 
days  of  rain  which  caused  the  end  and  surface 
pick-up.  Further  corroboration  of  this  was  the 
fact  that  the  lumber  distortions  accompanying 
the  machining  were  those  associated  with  a 
"reversed"  moisture  gradient  across  the  trans¬ 
verse  and  longitudinal  sections.  To  state  it 
simply,  the  warping  which  occurred  indicated 
wet  surfaces  and  dry  centers,  which  of  course 
is  what  one  might  expect  under  the  circumstan¬ 
ces. 

In  telling  you  this  story  of  a  single  extreme 
case  I  have  tried  to  dramatize  for  you  what 
must  happen  in  less  degree  to  much  of  our  kiln 
dried  lumber,  after  it  leaves  the  kiln.  First 
at  the  mill;  second  in  transit;  third,  in  storage 
at  the  secondary  wood  working  plant,  or  whole¬ 
sale  or  retail  yard;  fourth,  during  erection  and 
finally  zifter  erection. 

SEASON,  DESTINATION, 

STORAGE,  IMPORTANT 

Using  as  an  example,  common  lumber  dried 
to  10  percent  as  "working  material"  let's  see 
what  might  happen  to  it  even  with  good  care  and 
without  careless  handling.  Let's  say  it  was 
dried  right  here  in  Spokane,  in  December  and 
stored  in  solid  packages  in  the  usual  unheated 
shed  for  the  month  of  January  before  being 
shipped.  According  to  the  Weather  Bureau  the 
mean  average  temperature  here  in  January  is 
27.5°  and  the  average  humidity  is  81  percent. 
Under  these  conditions  every  exposed  fiber  of 
our  10  percent  M.  C.  pine  promptly  started 
toward  17  percent  and  at  the  end  of  30  days  much 
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of  the  volume  of  the  boards  hzui  probably- 
gone  a  long  -wray  to-ward  achieving  that  17  per¬ 
cent  goal.  If  the  stock  -was  run  S4S  before  being 
put  in  the  shed,  ends  would  be  over  width,  and 
the  surface  sheen  of  perfect  machine  work  lost 
for  good.  If  sold  locally,  and  laid  edge  to  edge, 
the  carpenter  would  either  have  open  edge 
joints  at  the  center  of  the  lengths,  or  if  he  drove 
them  up  tight,  the  boards  would  be  sprung. 

Later  when  moisture  content  evened  up,  edge 
joints  would  open  up  near  the  ends,  and  some 
unfortunate  kiln  operator  would  be  on  the  pan. 
Let's  assume  that  the  boards  were  stored  rough 
and  were  surfaced  at  the  end  of  30  days  and  then 
promptly  delivered  to  the  job.  Now  they'd  b.e 
straight,  of  uniform  width  throughout  but  with 
the  center  of  the  length  at  say  10  percent  M.  C. 
and  the  ends  at  say  17  percent  M.  C.  When 
subsequent  evening-up  of  moisture  occurred, 
the  edge  joints  at  the  ends  open  up  and  again 
some  kiln  man  is  in  for  a  bad  half  day,  and  he, 
poor  soul,  did  nothing  worse  than  dry  a  lot  of 
boards  to  10  percent  moisture  content!  At  this 
point,  I  want  to  stress  the  fact  that  the  kiln 
operator  is  not  always  blameless. 

On  the  contrary,  he  has  plenty  of  sins  to 
atone  for  -without  catching  the  de-vil  because  he 
has  dried  lumber  to  10  percent  moisture  con¬ 
tent  which  he  was  supposed  to  do  in  the  first 
place.  He's  not  exactly  to  blaime  for  the  laws 
of  physics!  Good  Republican  that  I  am,  I  won't 
even  blame  this  administration  for  the  difficul¬ 
ties  outlined.  Since  we  cannot  repeal  the  laws 
of  hygrometry,  let's  all  become  as  familiar  as 
we  can  with  them,  for  they  govern  what  happens 
to  our  lumber  or  any  other  hygroscopic  mater¬ 
ial  be  it  pl-ywood,  paper,  cotton,  wool  or  what 
have  you. 

Before  we  leave  Spokane  let's  look  at  a  simi¬ 
lar  batch  of  10  percent  moisture  content  lumber 
dried  to  the  last  week  in  June  and  stored  for  the 
month  of  July  in  the  same  shed.  Now  we  have 
a  temperature  of  69°  and  a  relative  humidity 
of  46  percent.  Under  these  conditions  the  mois¬ 
ture  tends  to  come  to  8.5  percent.  Since  we're 
nearly  at  that  figure  already  moisture  changes 
are  slow  and  30  days  storage  makes  no  signi¬ 
ficant  changes.  Only  one  significant  difference 
does  occur.  The  kiln  operator  is  now  a  pretty 
good  guy.  His  lumber  doesn't  change  much  in 
the  shed;  he  doesn't' use  so  darn  much  steam, 
smd  customers  are  happy,  and  the  operator  en¬ 
joys  his  hour  of  near -popularity.  However, 
next  winter  all  will  be  normal  again,  and  his 
furtive,  driven  look  will  return. 

Still  dealing  with  the  10  percent  moisture  con¬ 
tent  boards  let's  ship  a  car  to  Da-venport,  Iowa, 
about  January  1st.  There  the  humidity  will 
average  about  75  percent  but  the  mean  tempera¬ 
ture  is  only  23.2  so  the  moisture  equilibrium 
conditions  will  be  about  16  percent  or  nearly  the 


same  as  in  Spokane.  (I  choose  Davenport  as 
an  example  for  two  reasons.  First,  it's  typical 
of  much  of  the  corn  belt  and  second,  I  lived 
there  for  28  years  and  know  its  climate  by  ex¬ 
perience  as  well  as  by  Weather  Bureau  data. ) 
Enroute,  according  to  Forest  Ser-vice  studies 
of  a  few  years  ago,  no  great  change  in  moisture 
content  will  occur.  T-wo  percent  is  about  maxi¬ 
mum,  but  once  at  destination  and  bulked  do-wn 
in  an  unheated  retail  shed  its  pick-up  in  mois¬ 
ture  proceeds  toward  that  level  which  we  call 
E.  M.  C.  If  shipped  July  1st,  our  10  percent 
stock  will  move  into  77°  and  67  percent  relative 
humidity  for  which  the  E.  M.  C,  is  12.  2  per¬ 
cent,  so  nothing  serious  -would  happen. 

In  this  manner  I  might  pick  many  destination 
points  and  forecast  probable  changes,  but  those 
given  serve  to  illustrate  that  season,  destina¬ 
tion  and  storage  govern  moisture  content  quite 
regardless  of  kiln  drying  moisture  content  level. 

CARELESS  HANDLING 

CAN  TAKE  TOLL 

In  outlining  the  bad  effects  which  may  be 
encountered  in  good  average  storage,  I  have 
not  even  mentioned  careless  handling.  What 
happens  to  our  10  percent  boards  when  a  care¬ 
less  str2iddle -buggy  jockey  brings  a  package  to 
the  planer  and  sets  it  down  so  that  one  end  or 
even  the  whole  load  takes  a  quarter  or  half 
^  inch  of  rainfall  before  the  stock  is  surfaced? 
Perhaps  on  the  loading  dock  a  package  is  set 
close  to  a  car  door  and  gets  an  hour's  driving 
rain  while  awaiting  loading  or  if  the  noon  hour 
intervenes  it  might  well  be  2  hours.  I  leave 
to  your  imagination  what  happens  to  our  10 
percent  lumber  when  these  absorptions  are 
superimposed  upon  humidity  effects.  Let's 
take  the  other  extreme,  July  sunlight  is 
mighty  potent  under  our  famously  clear  western 
skies.  A  few  hours  exposture  to  it  can  cup  auid 
check  top  courses  2uid  check  ends  suprisingly. 
Let's  suppose  none  of  these  untoward  things 
has  happened  and  our  boards  are  still  sedely  at 
10  percent  M.  C.  when  the  cars  are  sealed. 
What  then? 

I  mentioned  the  Forest  Service  study  \^ich 
showed  but  insignificant  changes  in  transit. 
Obviously  that  was  confined  to  shipment  in  good 
order  cars.  What  percentage  of  box  cars  is  in 
fit  shape  to  haul  highly  refined  lumber  current¬ 
ly  ?  I'll  gently  draw  the  curtain! 

At  destination  our  10  percent  boards  are 
again  exposed  to  weather  hazards.  Often  in 
small  yards  no  unloading  dock  is  available  and 
unloading  proceeds  at  some  siding  or  team 
track  perhaps  in  rain  or  snow,  each  board 
taking  a  shower  before  being  bulked  down  in 
unheated  storage.  Not  infrequent  cases  have 
come  to  our  attention  in  the  past  25  years  in 
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which  lumber  run  say  D  &  M  at  10  percent 
M.  C.  has  blue-stained  in  retail  stock.  Such 
staining  requires  a  minimum  M.  C.  of  20-25 
percent. 

Wiping  out  all  of  the  foregoing  hazards,  and 
actually  getting  our  10  percent  boards  into  re¬ 
tail  stock  at  Mississippi  River  or  Atlantic 
coast  points  it  still  has  to  run  the  gamut  of 
poor  handling  and  storage  and  improper  erec¬ 
tion  in  somebody's  "dream  house"  say  in 
Baltimore.  Should  paneling  shrink,  sheathing 
cup,  warp  or  check  or  drop  encased  knots  the 
disappointed  owner,  whose  technical  knowledge 
is  nil  naturally  blames  the  manufacturer  for 
his  troubles.  When  a  complaint  developing  six 
months  after  a  house  becomes  a  home,  finally 
filters  back  to  the  mill,  through  the  half  dozen 
or  more  agencies  involved,  you  know  by  this 
time  where  the  complaint  will  land.  Well, 
maybe  the  kilns  and  their  operator  were  at 
fault,  but  it  is  far  more  probable  that  they  were 
not. 


I  have  no  categorical  answers  for  the  many 
problems  that  I  have  introduced  in  this  dis¬ 
cussion,  but  I  would  like  to  leave  with  you  two 
thoughts.  First,  everyone  having  the  least 
thing  to  do  with  the  handling,  machining,  sto¬ 
rage,  sale,  or  transportation  of  dry  lumber 
has  a  responsibility  in  this  matter  of  getting 
good  dry  lumber  properly  used.  Secondly,  if 
we  all  know  our  jobs  and  did  them  as  well  and 
as  thoroughly  in  getting  and  maintaining  high 
quality  in  our  products  as  does  the  average 
Western  Pine  kiln  operator,  the  value  of  our 
products  to  the  ultimate  consumer  would  be 
greatly  enhanced.  I'd  like  to  suggest  in  all 
seriousness,  that  other  phases  of  lumber  pro¬ 
duction,  such  as  storage,  sale  and  distribution 
be  given  as  much  study  and  consideration  and 
just  plain  hard  work  as  has  been  put  into  im¬ 
proved  seasoning  and  the  questions  of  better 
markets  through  better  kiln  drying  will  have 
been  answered,  for,  while  this  is  going  on  in 
other  departments,  kiln  drying  will,  I  feel  sure, 
hold  up  its  end. 


42 


Production  of  Livestock  Feed  from  Waste  Wood 

ELWIN  E.  HARRIS,  Chemist  Specialist,  Forest  Products 
Laboratory Forest  Service,  U.  S.  Dept,  of  Agriculture 


The  need  for  new  sources  of  food  to  sup¬ 
plement  our  present  sources  is  continually 
being  held  before  us.  Food  economists  warn 
us  that  as  our  population  increases,  the  land 
available  for  agriculture  will  not  support  our 
present  food  sources  in  which  livestock  are 
used  as  a  source  of  food  for  humans.  In¬ 
creasing  feed  prices  are  causing  increases 
in  the  cost  of  meat  and  milk.  Agricultural 
by-products  that  could  make  low  cost  sources 
of  sugar  useful  for  animal  food  are  in  short 
supply  and  are  being  diverted  to  nonfood  uses. 
The  carbohydrates  from  unused  wood  represent 
a  potentially  large  source  of  food  products 
available  for  use  to  supplement  present  sources 
and  provide  food  for  future  generations. 

WOOD  AS  A  SOURCE  OF 
CARBOHYDRATES 

Wood,  in  its  original  form,  has  little  or  no 
value  as  animal  food,  but  contains  about  65 
percent  of  a  carbohydrate  material.  This 
material  differs  from  the  starch  of  corn  in 
the  way  in  which  the  molecules  are  joined,  but 
is  similar  in  that  both  products  yield  glucose 
when  broken  down  by  water  in  the  presence  of 
dilute  acids.  The  relationship  between  cel¬ 
lulose  of  wood  and  starch  as  a  source  of  glucose 
has  been  known  for  more  than  100  years.  Dur¬ 
ing  the  past  50  years,  many  chemists  in  Amer¬ 
ica  and  Europe  have  worked  on  the  problem  of 
developing  an  economical  commercial  process 
for  turning  wood  cellulose  to  sugar. 

Early  attempts  were  centered  around  the 
production  of  sugar  solutions  suitable  for 
industrial  alcohol  production.  Two  plants  in 
the  United  States,  each  producing  about  one 
million  gallons  of  alcohol  per  year,  operated 
from  1913  to  about  1921.  Plants  in  Germany 
and  other  European  countries  from  1930  to  the 
present  time  produced  alcohol  and  food  yeast. 

In  the  past,  temporary  availability  of  other 
sources  of  carbohydrates  at  very  low  cost  has 
hindered  the  construction  of  wood-sugar  plants 
in  the  United  States.  It  now  appears,  however, 
that  new  uses  for  low-cost  sugars  are  develop¬ 
ing  while  the  source  of  supply  is  decreasing, 
because  of  improvements  in  the  recovery  of  a 
larger  portion  of  the  sugar  from  cane  juice. 

A  lack  of  suitable  materials  for  making 
chemically  resistant  industrial  equipment  and 
limited  knowledge  of  the  process  for  converting 
cellulose  to  sugar  retarded  earlier  progress. 


Production  of  concentrated  sugar  solutions 
suitable  for  feeding  purposes  was  not  practical, 
largely  because  of  the  high  steam  requirement 
and  scaling  difficulties  in  older  types  of  eva¬ 
porating  equipment.  More  recently,  the  use 
of  corrosion-proof  metals  and  more  efficient 
control  equipment,  pumps,  types  of  filters, 
and  evaporators  has  been  practiced.  These 
improvements,  supplemented  by  more  basic 
information  on  the  rates  of  production  and 
decomposition  of  wood  sugars,  now  make  it 
appear  that  most  of  the  past  difficulties  have 
.been  overcome. 

SOURCES  OF  WOOD  FOR 

SUGAR  PRODUCTION 

Sound  wood  from  almost  all  sources  con¬ 
tains  about  the  same  amounts  of  carbohydrate 
material.  For  example,  ponderosa  pine  con¬ 
tains  67  percent  carbohydrate;  Douglas  fir, 

66.8  percent;  sugar  pine,  65  percent;  hem¬ 
lock,  66  percent,  red  alder,  68  percent,  and 
aspen,  75  percent  carbohydrate.  Almost  any 
low-cost  form  of  wood  is  suitable  because  the 
wood  must  be  broken  into  small  pieces  before 
it  can  be  used.  Bark  or  wood  with  brown  rot 
yields  very  little  sugar  and,  therefore,  re¬ 
duces  the  yield  per  ton  of  material  or  the 
cubic  capacity  of  the  digester.  In  most  cases, 
however,  the  lower  cost  of  wood  containing 
some  bark  or  rot  is  sufficient  to  offset  the 
increase  in  digester  capacity  necessary  when 
such  wood  is  used.  White-pocket  Douglas  fir 
was  found  to  give  the  same  yield  of  sugar  per 
ton  of  wood  substance  as  sound  wood. 

Sawmill  waste  that  is  in  excess  of  that 
needed  for  fuel  or  other  uses  is  perhaps  the 
greatest  potential  source  of  wood  for  the  pro¬ 
duction  of  sugar.  Slabs  and  other  wood  scrap 
are  converted  to  suitable  material  by  a  wood 
hog  of  the  type  used  for  hog  fuel.  Such  ma¬ 
terial  contains  the  highest  amount  of  bark  and, 
on  one  sample,  was  found  to  contain  55  percent 
bark.  This  large  amount  of  bark  reduced  the 
yield  of  sugar.  If,  however,  sawdust,  which 
usually  contains  about  15  percent  bark,  and 
shavings  having  no  bark  are  mixed  with  the 
hogged  slabwood,  the  average  bark  content 
is  decreased.  A  mixture  consisting  of  60 
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percent  hogged  slabs  and  40  percent  sawdust 
gave  satisfactory  yields  and  satisfactory 
operating  conditions.  The  total  anaount  of 
such  mill  waste  is  about  60  million  tons  per 
year,  of  which  about  one-half  is  produced  in 
mills  that  could  support  wood-sugar  plants. 

V  In  some  localities,  such  hog  fuel  has  a  sales 
value  as  domestic  fuel  only  a  little  above  the 
cost  of  operating  the  hog  and  this  market  lasts 
for  only  a  part  of  the  year.  A  wood-molasses 
plant  could  contract  to  use  this  material  on  the 
year  around  basis  and  hence  should  be  able  to 
arrange  a  satisfactory  procurement  contract. 

A  study  of  plant  conditions  and  the  cost  of 
producing  50  tons  of  molasses  per  day  from 
wood  waste,  indicated,  however,  that  only  re¬ 
latively  few  sawmills  in  the  U.  S.  produce 
sufficient  waste  to  sustain  such  a  sugar  plant. 

Scrap  from  wood-using  industries  represents 
another  source  of  about  7  million  tons  of  wood 
for  wood-sugar  production.  In  some  large 
cities,  the  collection  of  scrap,  shavings  and 
sawdust  from  wood-using  industries,  such  as 
sash  and  door  plants,  furniture  factories  and 
the  like  trucked  outside  the  city  and  burned, 
represents  full  time  work  for  several  men 
and  trucks.  In  one  midwestern  city,  one 
trucking  company  hauled  almost  200  tons  of 
scrap  a  day.  In  this  case,  scrap-burning  ex¬ 
pense  would  have  covered  a  large  part  of  the 
labor  cost  in  converting  the  wood  to  sugar.  The 
smoke  produced  by  the  burning  scrap  contributed 
to  the  smoke  nuisance  of  the  area.  Near  such 
areas  are  dairy  cattle  that  could  be  fed  this 
wood  sugar  with  profit  because  of  the  extra 
milk  they  would  produce. 

A  third  source  of  wood  for  sugar  production 
consists  of  branches,  defective  logs,  and  stand¬ 
ing  dead  trees  left  in  the  woods  from  opera¬ 
tions  producing  sawlogs,  poles,  and  pulpwood. 
This  source  aggregates  about  50  million  tons 
per  year.  Wood  of  this  type  costs  more  than 
sawmill  or  secondary  manufacturing  waste  be¬ 
cause  it  must  be  collected  and  brought  to  some 
central  processing  plant.  Previously  it  had 
been  considered  impractical  to  bring  such 
timber  to  a  sawmill  because  of  the  low  return 
of  lumber.  If,  however,  some  use  were  made 
of  the  material  not  suited  for  lumber  or  tim¬ 
ber,  it  might  change  the  economic  feasibility 
of  bringing  such  timber  to  mills.  A  recent 
study  at  the  Forest  Products  Laboratory  of 
defective  Douglas  fir  logs  left  in  the  woods 
showed  a  good  return  of  high  grade  lumber 
from  the  sound  part  and  satisfactory  molasses 
production  from  the  defective  part. 

A  fourth  source  of  wood  for  sugar  production 
is  supplied  by  cull  or  weed  trees  that  grow  in 
forests  and  use  space,  moisture  and  nutrients 


that  could  be  used  by  more  valuable  trees.  In 
the  past,  some  of  this  timber  has  been  used  as 
cook  stove  wood,  but  now  gas,  bottled  gas,  and 
electricity  have  largely  displaced  wood  in  this 
market.  The  harvesting  and  transportation  of 
cull  wood  to  a  processing  plant,  however,  may 
involve  excessive  costs  as  compared  to  other 
sources  of  wood,  but  if  some  of  this  expense 
were  charged  to  timber  management,  the  costs 
might  be  comparable. 

AMOUNTS  OF  SUGAR  THAT 

MAY  BE  PRODUCED 

If  all  waste  wood  now  being  burned  without 
productive  returns,  or  left  in  piles  or  in  the 
woods  to  rot,  were  converted  to  sugar,  the 
amount  produced  in  one  year  would  be  about 
equal  in  tonnage  to  the  sum  of  all  the  feed  grains 
produced  in  the  U.  S.  Much  of  this  waste  is  to 
be  found  in  areas  that  do  not  produce  enough 
carbohydrates  locally  for  animal  feed  needs. 

In  the  process  of  converting  wood  carbo¬ 
hydrates  to  sugar,  some  of  the  sugars  are 
decomposed  and  lost.  Some  of  this  decomposi¬ 
tion  could  be  avoided  if  more  water  were  used 
and  the  sugars  washed  out  before  they  had  a 
chance  to  decompose,  but  the  excess  water 
would  have  to  be  evaporated  and  the  cost  would 
increase  proportionally.  It  is  also  not  econom¬ 
ical  to  convert  the  carbohydrates  completely 
to  sugar  because  of  the  low  concentrations  of 
sugar  solution  obtained  by  extending  the  reaction 
to  completion.  Lower  yields  should  thus  be 
acceptable  as  a  compromise  between  cost  and 
efficiency.  Under  favorable  conditions,  a  yield 
of  50  percent  sugar  based  on  dry,  bark  free 
wood  may  be  obtained  in  a  5  percent  sugar  solu¬ 
tion.  If  this  5  percent  solution  is  concentrated 
to  a  50  percent  solution,  1  ton  (or  about  180 
gallons)  of  the  sugar  solution  (wood  sugar  molas¬ 
ses)  may  be  obtained  from  one  ton  of  wood.  One 
unit  or  200  cubic  feet  of  wood  waste,  as  it  comes 
from  the  mill,  is  about  the  equivalent  of  one  ton 
of  material  and  will  usually  contain  about  30 
percent  bark  and  produce  about  0.  7  ton  or  128 
gallons  of  the  50  percent  sugar  solution.  A 
sawmill  producing  100,  000  board  feet  of  lumber 
a  day  also  produced  100  units  of  wood  residues 
and  these  residues  could  be  used  to  produce 
about  70  tons  of  wood  molasses  a  day.  This 
information  is  contained  in  reports  R1475  and 
R1617. 

Several  sawmills  in  the  Pacific  Northwest 
have  sufficient  wood  residues  to  produce  50  to 
150  tons,  or  one  to  three  tank  cars  of  wood 
molasses  a  day.  Production  in  such  quantities 
would  make  possible  the  lowest  processing  costs 
but  would  also  bring  the  product  into  direct 
competition  with  imported  blackstrap  because 
most  single-plant  feed  manufacturers  do  not 
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require  such  large  amounts.  Thus,  it  would 
be  necessary  to  ship  to  other  feed  plants  or 
out  of  the  area  and  advantages  of  local  distri¬ 
bution  and  reduced  marketing  costs  would  be 
partially  offset.  A  survey  made  recently  by 
K.  Kristjanson  in  cooperation  with  the  Univer¬ 
sity  of  Wisconsin  has  shown  that  mixers  of 
feed  frequently  use  two  or  three  cars  of  molas¬ 
ses  in  a  week  for  distribution  to  local  areas; 
supplying  this  amount  would  require  a  produc¬ 
tion  of  about  20  tons  a  day.  This  production 
figure  is  also  more  consistent  with  the  amounts 
of  unused  wood  residues  at  many  locations. 

Twenty  tons  of  wood  molasses  produced  from 
wood  residues  now  available  could  be  used 
locally  by  many  feed  manufacturers.  Freight 
or  truckage  of  wood  to  a  central  area  and  of 
molasses  to  the  mixer  would  not  be  a  prime 
factor  in  the  cost.  Pilot-plant  work  at  the 
Forest  Products  Laboratory  is  being  directed 
toward  working  out  conditions  for  such  a  plant 
that  could  serve  local  needs. 

Limitations  of  space  prevent  the  giving  of 
full  technical  details  on  the  chemistry  of  the 
hydrolysis  and  on  the  equipment  used,  so  these 
will  only  be  reviewed.  For  details  refer  to 
Forest  Products  Laboratory  Report  R1617  and 
other  publications  on  the  hydrolysis  process. 

THE  PROCESS 

The  process  of  hydrolysis  involves  the 
reaction  of  wood  carbohydrates  with  water. 
Cellulose,  the  principal  carbohydrate  of  wood, 
is  repi'esented  as  (C^HjQOg)^  where  n  represents 
the  number  of  sugar -forming  units  in  cellulose. 
The  reaction  may  be  shown  as  follows: 

(C6Hio»5)n  +  "H2O  — *  "C6«1206 

At  ordinary  temperatures  the  reaction  is  very 
slow.  At  elevated  temperatures  about  one-third 
of  the  carbohydrates  in  wood  are  changed  to 
sugar  easily,  while  the  cellulosic  portion  re¬ 
sists  conversion.  Acid  serves  as  a  catalyst 
for  the  reaction  and  the  speed  of  the  reaction 
depends  on  the  amount  of  acid  present.  Heat 
also  speeds  up  the  reaction.  At  temperatures 
corresponding  to  50  pounds  per  square  inch  of 
steam  pressure,  one-half  of  the  resistant  cel¬ 
lulose  is  converted  in  the  presence  of  0.5  per¬ 
cent  sulfuric  acid  to  the  simple  sugar,  glucose, 
in  about  20  hours;  at  temperatures  corresponding 
to  100  pounds  of  steam  pressure,  in  2-1/2  hours; 
and  at  150  pounds,  in  23  minutes. 

In  order  to  take  advantage  of  faster  reaction 
while  keeping  acid  concentrations  low  and  sugar 
decomposition  at  a  minimum,  the  easily  hydro¬ 
lyzed  products  are  removed  before  the  tempera¬ 
ture  is  raised  to  that  required  for  rapid  conver¬ 
sion  of  the  more  stable  cellulose. 


PROCEDURE 

Large  pieces  of  wood  are  broken  in  a  wood 
hog.  Pieces  of  wood  that  will  not  pass  through  a 
2-inch  screen  are  removed. 

This  hogged  wood  may  be  mixed 
with  an  almost  equal  volume  of  sawdust  and 
shavings.  The  mixture  is  than  packed  in  a  tall, 
upright  digester  or  hydrolyzer,  using  steam 
or  other  suitable  means  of  packing.  This  pro¬ 
duces  a  charge  of  12  to  20  pounds  per  cubic 
foot,  dry  basis,  of  wood  material,  the  heavier 
charges  being  obtained  with  dense  wood.  The 
charge  is  steamed  to  remove  air  and  then  heated 
to  300°  F.  or  to  a  steam  pressure  of  50  pounds 
per  square  inch.  Dilute  sulfuric  acid  at  300° 

F.  is  then  introduced  on  the  top  of  the  charge 
in  a  concentration  that  will  produce  and  main¬ 
tain  a  0.5  percent  solution  on  the  chips.  A 
2.0  to  3.0  percent  concentration  is  necessary 
at  first  because  of  the  moisture  in  the  wood 
and  the  condensate  produced  when  the  wood 
is  heated.  At  300°  F.  and  in  the  presence  of 
a  0.  5  percent  solution,  the  hemicellulose  of 
wood  is  quickly  converted  to  simple  sugars. 

This  sugar  solution  is  withdrawn  from  the 
bottom  while  fresh  acid  is  introduced  contin¬ 
uously  at  the  top.  After  most  of  the  sugars  from 
the  hemicellulose  are  removed,  the  temperature 
of  the  incoming  acid  is  raised  until  a  tempera¬ 
ture  of  365°  to  380°  F.  is  reached.  This  tem¬ 
perature  is  maintained  until  the  concentration 
of  the  sugar  being  removed  from  the  hydrolyzer 
drained,  after  which  the  lignin  is  discharged 
by  opening  a  large  valve  at  the  bottom  of  the 
hydrolyzer.  In  the  pilot  plant,  the  time  re¬ 
quired  for  hydrolysis  has  ranged  from  2.  5  to 
3  hours.  In  commercial  equipment,  the  time 
required  would  be  greater  because  of  the  greater 
charge  of  wood  the  acid  must  flow  through. 

The  averago  concentration  of  the  sugar  thus 
obtained,  depending  on  the  wood  used  and  how 
long  the  hydrolysis  has  been  continued,  ranges 
from  4  to  6  percent.  The  acidic  sugar  solution 
flows  from  the  bottom  of  the  hydrolyzer  to  a 
flash  tank,  where  steam  is  removed  by  means 
of  a  relief  valve,  and  the  ste2un  pressure  is 
dropped  to  35  pounds  per  square  inch.  The 
flash  steam  is  used  to  heat  the  process  water. 
Lime  is  then  added  to  make  the  solution  pH  3.7, 
converting  the  sulfuric  acid  to  insoluble  cal¬ 
cium  sulfate  that  is  removed  from  solution  by 
a  filter.  Following  filtering,  the  solution  may 
be  cooled  and,  after  adding  nutrients,  used  for 
the  growth  of  fodder  yeast.  If  it  is  to  be  used 
as  a  carbohydrate  animal  feed  ,  it  is  evaporated 
directly  to  a  concentrated  sugar  solution. 

EQUIPMENT 

Plant  operations  in  producing  wood-sugar 
molasses  may  vary  considerably,  depending 
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on  the  cost  of  labor,  the  life  expectancy  of 
the  equipment,  and  on  other  facilities  avail¬ 
able.  The  process  requires  technical  super¬ 
vision,  but  the  operation  may  be  carried  out 
with  labor  having  normal  mechanical  ability. 
The  first  wood-hydrolysis  plants  in  Germany, 
where  good  operators  and  maintenance  labor 
were  available  at  a  low  cost,  were  simple  and 
low-cost  equipment.  Conditions  in  most 
places  in  America  make  it  necessary  to  use 
more  automatic  controls  and  equipment  re¬ 
quiring  less  maintenance,  in  order  to  operate 
with  as  limited  man  power  as  possible. 

Except  for  the  wood-hydrolysis  plants  that 
operated  from  1913  to  1922,  production  of 
sugar  from  wood  in  America  was  only  on  the 
pilot-plant  scale  until  the  commercial  plant 
was  started  at  Springfield,  Ore.  ,  early  in 
1951.  A  brief  description  of  the  equipment 
used  in  the  pilot  plants  at  the  Forest  Products 
Laboratory,  Madison,  Wis.  ,  and  at  the  Ten¬ 
nessee  Valley  Authority  at  Wilson  Dam, 
Alabama,  serves  to  indicate  the  type  of  equip¬ 
ment  to  be  used  and  some  of  the  variations 
possible. 

The  pilot  plant  at  the  Forest  Products  Lab¬ 
oratory  consists  of  the  following:  a  wood  hog 
designed  to  produce  wood  particles;  a  con¬ 
veyor  to  carry  the  wood  to  a  storage  bin 
above  the  hydrolyzer;  a  monel-metal-lined 
hydrolyzer  fitted  with  a  quick  opening  cover, 
a  means  of  introducing  dilute  acid  and  steam 
at  the  top,  with  screen-covered  openings  for 
removing  sugar  near  the  bottom  and  a  large, 
quick  opening  sleeve  valve  for  removing  lignin 
at  the  bottom;  two  pumps,  one  for  sulfuric 
acid  and  one  for  water;  a  steam-water  mixer 
for  heating  water;  a  copper  tank  for  adding 
lime  to  the  sugar  solution  to  neutralize  the 
acid;  an  intermediate  storage  tank  as  feed 
tank  for  the  evaporator;  a  tubular  evaporator 
for  operation  under  diminished  pressure;  a 
steam -operated  evacuator;  a  basket  centrifuge 
to  remove  sediment  from  the  finished  molas¬ 
ses;  and  molasses  storage  tanks.  This  pilot 
plant  equipment  is  being  operated  by  one  man 
except  for  putting  the  wood  through  the  wood 
hog. 

The  equipment  at  Wilson  Dam,  Ala.  ,  has 
the  wood  hog,  pumps  and  digester  similar  to 
the  equipment  at  the  Forest  Products  Labora¬ 
tory.  The  digester  is  operated  full  of  liquid 
and  sugar  removal  is  regulated  by  a  hydraulic- 
pressure  valve.  Water  for  processing  is 
heated  in  a  gas  fired  water  heater,  thus  mak¬ 
ing  a  steam  boiler  unnecessary.  Sugar  solu¬ 
tion  is  flashed  to  atmospheric  pressure,  and 
lime  rock  instead  of  lime  is  used  for  neutral¬ 
izing  the  acid.  The  precipitate  is  removed 
by  sedimentation  rather  than  filtering.  Most 


of  the  water  is  removed  by  evaporation  in  an 
open  tank,  using  a  gas-fired  submerged  com¬ 
bustion  heater.  The  final  concentration  is 
carried  out  in  the  usual  vacuum  evaporator. 

The  hydrolyzer  at  Tennessee  Valley  Authority 
processes  about  1-1/2  cords  of  wood  at  a  time 
and,  if  operated  24  hours  per  day,  could  pro¬ 
cess  about  9  cords  of  wood.  Yields  at  the 
Tennessee  Valley  Authority  plant  have  been 
comparable  with  those  obtained  at  the  Labora¬ 
tory. 

PROPERTIES  OF  WOOD-SUGAR 
SOLUTIONS  AND  WOOD  MOLASSES 

The  wood-sugar  solution,  as  it  comes  from 
the  neutralizer  and  filter,  is  clear,  slightly 
brown,  and  bitter  to  taste.  On  standing  and 
cooling,  the  solution  becomes  cloudy  and  a 
small  amount  of  dark-colored  product  precipi¬ 
tates.  This  is  removed  before  the  solution  is 
used  for  yeast  production.  When  the  solution 
is  evaporated  after  neutralization  and  filtering, 
some  material  is  coagulated  during  the  heating. 
This  must  be  removed  or  it  will  form  as  a 
deposit  during  molasses  storage.  The  concen¬ 
trated  solution,  after  filtering,  has  a  caramel¬ 
ized  sugar  odor  and  is  bitter  to  humans  but  is 
readily  eaten  by  cattle,  sheep  and  chickens. 

If  sugar  solutions  containing  60  percent  sugar 
are  allowed  to  stand,  they  become  almost 
solid  with  glucose  crystals.  When  these  crys¬ 
tals  are  removed,  the  bitter  material  remains 
in  the  solution. 

The  composition  of  a  typical  sample  of  wood 
molasses  is  as  follows: 

Total  solid  matter  60-62  percent 

Reducing  sugar  (as  glucose)  48-50 

Carbohydrate  converted 


to  sugar  by  inversion 

0.5-1.  5 

Nonsugar  organic  matter 

6. 0-8.0 

Ash 

2. 0-3.0 

Nitrogen 

0.065 

Volatile  organic  matter 

1. 0-2.0 

Insoluble  fiber 

None 

The  sugars  from  fir  or  pine  contain  about  85 
percent  hexose  and  15  percent  pentose.  Sugars 
from  a  hardwood,  such  as  maple,  are  about 
65  percent  hexose  and  35  percent  pentose. 

USES  OF  WOOD  SUGAR 

Wood  sugar  may  be  used  as  human  or  animal 
food,  or  used  as  the  nutrient  material  to  pro¬ 
duce  yeast  or  other  products  that  may  be  used 
as  food. 

Sugar  produced  by  wood  hydrolysis  may  be 
purified  by  crystallization,  giving  pure  glu¬ 
cose  which,  while  it  is  not  as  sweet  as  cane 
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or  beet  sugar,  has  the  same  food  value.  In 
Finland,  a  process  for  wood  hydrolysis  is 
being  developed  with  its  main  objective  to 
produce  a  refined  sugar  for  human  use. 

When  it  is  desired  to  produce  crystalline 
sugar,  it  may  be  desirable,  in  order  to  work 
with  solutions  containing  only  glucose,  to  use 
only  that  part  of  the  hydrolyzate  that  comes 
from  the  hydrolysis  of  the  resistant  cellulose 
of  the  wood.  Experimental  work  at  the  Forest 
Products  Laboratory  has  included  the  refining 
of  the  total  sugar  from  the  whole  run  represent¬ 
ing  50  percent  of  the  weight  of  the  wood  and  also 
that  from  the  last  half  of  the  run.  About  85 
percent  of  the  total  sugar  from  fir,  pine,  or 
spruce  is  glucose.  If  the  entire  hydrolyzate 
is  processed,  about  70  percent  of  the  glucose, 
or  about  30  percent  of  the  wood  substance,  may 
be  obtained  as  crystalline  sugar.  If  the  sugars 
resulting  from  the  hydrolysis  of  only  the  resis¬ 
tant  cellulose  representing  about  one-half  of 
the  total  sugars  are  processed,  the  operation  is 
simpler  and  recovery  as  crystalline  sugar  may 
be  as  high  as  90  percent  of  the  sugar  in  the  solu¬ 
tion.  The  sugar  that  does  not  crystallize  may 
be  used  as  animal  feed  or  to  produce  yeast. 

For  animal  feeding,  the  wood  molasses,  ex¬ 
cept  for  removing  material  that  separates  out, 
has  not  been  purified.  Wood  molasses  has  been 
prepared  from  many  species  of  both  hardwood 
and  softwood  and  sent  out  for  feeding  tests, 
most  of  which  have  been  in  cooperation  with 
agricultural  experiment  stations.  The  com¬ 
bined  production  for  feeding  experiments  at  the 
Forest  Products  Laboratory,  Tennessee  Valley 
Authority  wood-sugar  pilot  plant,  and  at  the 
Springfield,  Ore.  ,  plant,  is  now  approaching 
1,000  tons.  Feeding  tests  have  been  made  with 
horses,  beef  cattle,  dairy  cattle,  sheep,  hogs, 
poultry  and  small  animals.  The  molasses  has 
been  used  as  a  constituent  of  mixed  ground  feed, 
and  as  a  binder  for  feed  pellets.  It  is  effective 
in  improving  the  palatability  and  food  value  of 
coarse  hay,  chopped  straw,  corncobs,  rice 
hulls,  cottonseed  hulls  and  oat  hulls,  and  as  a 
preservative  for  grass  silage.  A  review  of 
some  of  these  feeding  tests  is  given  in  Forest 
Products  Laboratory  Report  R1731. 

Wood  sugar  may  be  used  as  the  source  of 
carbohydrates  for  the  production  of  micro¬ 
organisms  that  may  be  harvested  and  used  as 
a  source  of  food  containing  protein,  fat  and 
vitamins  for  humans  and  animals. 

Food  yeast  that  is  high  in  proteins  and  vita¬ 
mins  and  suitable  for  human  or  animad  consump¬ 
tion  may  be  produced  rapidly  and  in  40  to  50 
percent  yield  from  sugar  obtained  by  wood 
hydrolysis.  Both  5-  and  6-carbon  sugars  are 
utilized.  Dilute  wood-sugar  solution,  to  which 


is  added  ammonia  or  other  inorganic  nitrogen, 
phosphate  and  potash  salts,  is  fed  continuously 
into  a  yeast  propagator  where  air  is  supplied. 
The  yeast  with  the  spent  solution  flows  contin¬ 
uously  from  the  propagator,  is  recovered  and 
washed  in  a  yeast  separator,  and  then  dried  on 
a  drum  drier.  This  yeast  contains  46  to  56 
percent  protein,  Z  to  7  percent  fat,  and  6  to  12 
percent  ash.  Feeding  tests  indicate  this  yeast 
to  be  a  rich  source  of  B-complex  vitamins. 
Thousands  of  tons  of  this  type  of  yeast  were 
produced  from  wood  sugar  for  human  food  in 
Germany  and  other  European  countries  during 
World  War  II.  Further  information  on  the 
production  of  yeast  is  given  in  Forest  Products 
Laboratory  Report  D1754. 

Several  other  types  of  protein-containing 
products  may  be  grown  on  wood  sugar.  These 
include  mushrooms,  fusaria  and  oidium  lactis. 
Some  of  these  have  special  properties  and  may 
find  a  future  use  in  the  human  food  supply. 

Other  microorganisms  produce  fat  when  they 
grow.  One  type  of  yeast  containing  about  25 
percent  protein,  in  addition  to  B-complex 
vitamins,  was  grown  at  the  Forest  Products 
Laboratory.  The  fat  in  this  yeast  has  a 
composition  similar  to  the  fats  in  butter. 

BY-PRODUCTS  IN  WOOD  HYDROLYSIS 

Lignin — The  residue  from  wood  hydrolysis 
is  mainly  lignin.  It  is  a  brown  powder  or  a 
product  converted  to  powder  very  easily  by 
grinding.  At  the  end  of  the  hydrolysis  lignin 
is  discharged  from  the  digester  by  opening  a 
large  valve  in  the  bottom  of  the  digester  and 
allowing  the  stecim  pressure  to  force  it  out. 

If  the  free  liquid  in  the  hydrolyzer  is  drained 
before  discharging  the  liquor,  the  residue, 
after  flashing,  will  be  about  half  moisture  and 
contain  acid  corresponding  to  that  used  for 
hydrolysis. 

The  solid  matter  in  this  residue  is  high  in 
carbon  and  on  a  dry  basis  has  a  fuel  value  of 
about  10,000  B.  T.  U.  per  pound.  Therefore, 
even  the  wet  material  has  a  good  fuel  value  and 
in  a  well-engineered  plant,  where  full  use  of 
the  heat  was  made,  could  supply  all  the  fuel 
needed  to  operate  a  wood-molasses  plant. 

The  lignin  may  be  dried  to  about  20  percent 
moisture  content  and  made  into  briquettes  for 
use  as  domestic  fuel.  These  briquettes  are 
practically  ash  free  and  burn  with  a  smokeless 
flame  and  appear  to  be  suitable  as  a  fuel  for 
dining  cars  or  in  other  places  where  charcoal 
briquettes  are  used. 

Lignin  gives  a  high  yield  of  char  on  being 
heated  in  the  absence  of  air  and  could  be  used 
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as  a  source  of  powdered  charcoal  or  charcoal 
briquettes. 

Lignin  has  some  of  the  properties  of  soil 
humus  and  is  converted  slowly  to  soil  humus 
in  the  soil.  Experimental  work  has  shown 
that  lignin,  when  used  as  a  soil  mulch,  makes 
soil  easier  to  till,  improves  drainage,  and 
.aids  in  controlling  soil  properties. 

Methanol,  Acetic  Acid  and  Furfural — Meth- 
oxyl  groups  in  the  hemicellulose  of  wood  are 
hydrolyzed  to  methanol  during  hydrolysis  and 
appear  in  the  steam  that  flashes  off  from  the 
wood  hydrolyzate.  The  yield  of  methanol  is 
greater  from  hardwoods. 

Acetic  acid  is  also  present  in  wood-hydroly¬ 
sis  solutions.  This  results  from  acetyl  groups 
in  wood.  In  the  case  of  hardwood,  the  yield 
of  acetic  acid  may  be  as  high  as  5  percent  of 
the  weight  of  the  wood,  or  require  for  neutral¬ 
ization  about  one -half  to  two -thirds  as  much 
lime  as  that  used  to  neutralize  the  sulfuric 
acid.  Most  of  the  acetic  acid  remains  in  the 
sugar  solution.  If  the  solution  is  used  to  grow 
yeast,  it  is  utilized  along  with  the  sugar.  If 
the  sugar  solution  is  evaporated  to  molasses, 
the  acetic  acid  is  boiled  off  and  appears  in  the 
condensate.  Experimental  work  is  in  progress 
to  develop  a  method  for  recovering  this  acetic 
acid  by  ion-exchange  resins. 

Furfural  is  produced  by  the  decomposition 
of  some  of  the  5-carbon  sugars  resulting 
from  the  hemicellulose  of  wood.  The  amount 
produced  is  an  index  of  the  amount  of  decom¬ 
position  occurring  during  hydrolysis.  Fur¬ 
fural  is  volatile  with  steam  and  is  present 
with  the  methanol  in  the  steaun  flashed  from 
the  wood-sugar  solution. 

These  by-products,  if  satisfactory  methods 
of  recovery  were  developed,  could  be  a  val¬ 
uable  addition  to  the  income  of  a  wood-sugar 
plant. 

COST  OF  WOOD  MOLASSES 

Until  a  commercial  wood-sugar  plant  has 
actually  been  built  it  is  difficult  to  give  an 
estimate  of  the  cost  of  a  plant.  Some  con¬ 
clusions,  however,  can  be  reached  based  on 
the  cost  of  pilot  plant  equipment  at  the  Forest 
Products  Laboratory,  and  cost  estimates  of 
Chilton,  in  Chemical  Engineering  Magazine, 
June  1949.  Chilton's  estimates  are  corrected 
to  the  cost  index  for  chemical-processing 
equipment  in  February  1951.  These  data 
appear  to  indicate  that  a  steam-powered  plant 
producing  50  tons  of  molasses  a  day  could  be 
built  for  between  $300,000  and  $400,000.  If 
cheap  gas  were  available,  a  plant  patterned 


after  the  pilot  plant  at  the  Tennessee  Valley 
Authority,  Wilson  Dam,  Alabama,  could  be 
built  for  considerably  less  money  because  of 
savings  in  the  cost  of  boilers  and  evaporators. 
At  present,  studies  are  being  made  at  the 
Laboratory  to  determine  the  possibility  of 
building  a  plant  for  about  $100,  000  that  would 
produce  20  tons  of  molasses  a  day.  On  the 
basis  of  25  percent  of  the  capital  investment 
a  year  to  cover  taxes,  interest,  amortization 
and  overhead,  a  cost  of  $4..00  to  $6.00  per  ton 
is  chargeable  to  the  plant  investment. 


Steam,  water,  electricity,  and  chemicals  are 
estimated  to  cost  $4.50  per  ton  of  molasses. 

If  sawmill  waste  is  used,  a  value  of  $2.00 
for  the  wood  to  make  a  ton  of  molasses  is 
assumed.  If  wood  waste  or  cull  timber  is  used, 
the  cost  is  higher. 

On  the  basis  of  these  estimates,  wood  molas¬ 
ses,  without  sales  cost  or  other  overhead, 
would  cost  $13. 50  to  $20.  00  per  ton.  If  the 
product  can  be  produced  and  used  locally  with¬ 
out  the  extra  cost  of  transportation,  these 
prices  should  make  it  possible  for  wood  molas¬ 
ses  to  compete  in  many  localities  with  shipped- 
in  blackstrap  molasses,  even  in  the  lowest 
market  conditions  that  were  current  in  early 
1950. 

SUMMARY 

There  is  a  need  for  additional  sources  of 
carbohydrate  food  for  humans  and  auiimals. 
Wood  products  not  now  being  used  or  not  used 
efficiently  could  be  converted  to  carbohydrates 
to  fill  that  need.  It  now  appears  that  a  process 
has  been  developed  to  produce  sugar  from  wood 
that  is  economically  competitive  with  other 
low-cost  sources  of  carbohydrate. 


Man  power  requirements  are  estimated  to 
range  from  two  to  three  men  per  shift  for  a 
20-ton  plant,  four  to  five  men  per  shift  for  the 
50-ton  plant,  or  $3.00  to  $4.00  per  ton. 
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Small  Sawmill  Set  Works 

JACK  ELLERSICK,  Union  Iron  Works,  Spokane,  Washington 


Dealing  with  the  topic  of  small  sawmill 
setworks,  1  wish  to  confine  my  discussion 
to  the  units  generally  used  by  the  small  cir  ¬ 
cular  mill  operators,  sawing  6,000  to  20,000 
feet  per  shift.  The  classification  of  these 
units  is  termed  as  single,  and  double  acting 
ratchet  type  manually  operated  set  works. 

Many  types  of  power  driven  set  works  are 
in  use,  including  air,  steam,  friction,  hydrau¬ 
lic,  electric,  and  others;  however,  the  set 
works  under  discussion  are  operated  by  man 
power. 

The  single  acting  set  works  are  used  on 
carriages  which  are  operated  by  the  sawyer 
from  his  sawing  position.  He  not  only  operates 
the  set  works,  but  also  dogs  the  logs  as  they 
are  rolled  onto  the  carriage. 

No  setters  or  doggers  work  on  the  carriage, 
as  the  outfit  is  small.  Small  as  they  are,  how¬ 
ever,  a  large  volume  of  the  lumber  supply  in 
this  region  is  produced  by  this  type  of  mill. 

The  set  works  is  the  most  important  unit  on 
a  carriage,  and  unquestionably  the  most  abused, 
overworked,  and  neglected  outfit  in  the  mill. 

Actually  the  same  results  are  expected  from 
the  light  single  acting  set  works  as  from  the 
power  driven  machine,  because  the  logs  are 
equally  heavy,  and  require  an  equal  amount 
of  power  to  move  them. 

THE  SINGLE-ACTING  MECHANISM 

The  single  acting  set  works  are  fitted  with 
ratchet  wheel  and  pawls,  and  are  operated 
only  by  the  forward  movement  of  the  set  lever. 
The  sawyer  operates  the  set  lever  by  means  of 
a  rod  attached  to  the  lever.  The  rod  extends 
at  right  angles  from  the  lever,  and  a  loop  or 
hand  grip  is  fitted  at  the  end  for  the  sawyer. 

The  sawyer  usually  operates  the  lever  with 
his  right  hand,  and  draws  it  toward  him  to 
the  desired  location,  and  then  shoves  the  lever 
back  to  the  starting  position. 

An  element  of  danger  is  involved  for  the 
sawyer,  when  using  this  type  of  machine,  as 
he  is  obliged  to  step,  or  lean  forward  into  the 
saw  line  each  time  he  moves  the  lever. 

Accurate  setting  depends  particularly  on  the 
position  of  the  pawls  on  the  ratchet  wheel,  and 
the  condition  of  -he  notches  on  the  wheel. 
Notches  must  be  machined  evenly,  and  suffi¬ 


ciently  deep  to  provide  a  square  shoulder  for 
the  pawls  to  work  against.  Shallow  notches 
often  cause  the  pawls  to  jump,  become  rounded 
and  broken,  with  badly  sawn  lumber  resulting. 

Pawls  should  be  machined  to  fit  squarely 
on  the  wheel  and  to  the  proper  depth. 

Small  carriages,  as  a  rule,  are  not  provided 
with  many  of  the  facilities  used  in  the  larger 
mills.  I  refer  particularly  to  back-lash  pinions 
on  the  set  shcift,  which  keep  the  carriage  knees 
from  creeping,  or  bouncing  forward,  when  the 
set  lever  is  pushed  too  hard  against  the  stop 
arm. 

Spring  loaded  split  pinions  are  commonly 
used  on  rack  and  pinion  type  carriages  to  pre¬ 
vent  the  knees  from  creeping.  However,  it 
is  impractical  to  apply  them  to  small  carriages. 

Wherever  possible  racks  and  pinions  on  small 
carriages  should  be  made  of  steel  and  machine 
cut  to  insure  accuracy  and  precision.  This 
is  also  true  of  the  ratchet  wheels  and  pawls. 

A  practical,  inexpensive  method  of  keeping 
slack  out  of  the  knees  on  the  rack  and  pinion 
type  carriage  is  by  means  of  a  coiled  extension 
spring  attached  to  the  side  of  the  knee  by  fasten¬ 
ing  one  end  of  the  spring  to  a  bracket,  which 
is  bolted  to  it,  the  opposite  end  of  the  spring, 
normally  about  10  inches  in  length  and  approxi¬ 
mately  1-1/2  inches  in  diameter,  is  joined  to 
a  l/4-inch  flexible  cable  that  runs  over  a  small 
sheave  at  the  rear  of  the  head  block.  The 
sheave  is  supported  by  a  3/8-  by  1  -l/2-inch 
bar  bolted  to  the  head  block.  The  cable  is  then 
attached  to  a  small  flanged  spool  on  the  set 
shelf t.  In  this  manner  an  even  tension  may  be 
maintained  at  amy  position  of  the  knee.  No 
additional  stress  is  imposed  on  the  setter  by 
using  this  type  of  take-up.  An  arrangement 
of  this  type  has  been  successfully  applied  to 
a  small  carriage  by  Mission  Creek  Lumber 
Company  at  Bonners  Ferry,  Idaho.  Several 
large  operators  in  the  area  are  also  using 
this  sort  of  take-up. 

DOUBLE  ACTING  TYPES 

A  double  acting  set  works  is  a  heavier  type 
unit,  and  is  operated  by  a  setter  on  the  car¬ 
riage.  The  action  of  the  pawls  on  the  ratchet 
wheel  works  in  both  directions.  In  other  words, 
the  knee  moves  forward  when  the  set  lever  is 
drawn  back  against  the  stop  pin,  and  pushed 
forward  when  the  lever  is  moved  into  its  starting 
position. 
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A  rotating  dial  is  often  provided  with  the 
double  acting  type  set  works,  which  enables 
the  setter  to  do  the  job  more  accurate.  Many 
of  the  lighter  knees  are  fitted  with  a  horizon¬ 
tal  dial  attached  to  the  side  of  the  front  block. 

Accurately  machined  dials  are  very  impor¬ 
tant  for  cutting  good  lumber. 

All  moving  parts  of  the  set  works,  such  as 
connecting  rods,  rocker  arms,  pins,  and 
bearings,  should  be  checked  for  slack,  and 
misalignment,  if  accuracy  in  sawing  is  to 
be  maintained.  Daily  routine  checking  of  a 
set  works  is  very  necessary  to  determine  if 
there  are  loose  pins  or  bolts. 

Very  few  small  set  works  are  provided 
with  facilities  to  take  up  slack,  as  it  involves 
considerable  expense. 

To  sum  up  the  whole  situation,  good  lumber 
cannot  be  produced  without  all  parts  of  the 
set  works,  regardless  of  type,  being  in  as 
good  working  condition  as  possible,  which, 
when  you  come  right  down  to  it,  is  a  matter 
of  routine  checking  and  repairing. 
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Swedish  Gang  Mills  in  the  Inland  Empire 

LARRY  O'NEIL,  Forest  Products  Co.  ,  Kalispell,  Mont. 


DON'T  ASK  the  man  who  owns  one!  Instead, 
read  one  of  the  fairy  tales  written  by  Swe¬ 
dish  gangsaw  manufacturers  if  you  have  small 
timber  with  a  minimum  of  pine.  If  you  talk  to 
a  Swedish  gang  sawmill  owner  you  might  be¬ 
come  disillusioned  and  you  might  not  purchase 
the  mill  most  suitable  for  your  conditions. 

But,  before  you  report  your  prospective  income 
to  the  revenue  service  or  spend  it  vacationing 
in  Tahiti  check  with  one  or  more  owners  who 
"have  been  through  the  mill"  for  they  may  steer 
you  around  some  of  the  mistakes  that  have 
plagued  them. 

Now,  I'rti  going  to  try  to  play  Dr.  Jeckyl  and 
Mr.  Hyde  and  give  you  about  the  right  dose  of 
both  illusion  and  disillusionment.  Costly  er¬ 
rors  qualify  me  properly  to  do  the  latter  for 
I  believe  that  we  were  the  "babes  in  the  woods" 
first  to  operate  a  Swedish  gang  sawmill  in  the 
Inland  Empire.  And  we  nearly  "went  down  for 
the  final  count"  before  we  got  the  mill  operat¬ 
ing  properly.  Many  times  we  had  to  keep  up 
~a  bold  front  when  our  world  seemed  to  be  fal¬ 
ling  apart.  We  cannot  blame  any  mill  machin¬ 
ery  manufacturer  for  our  plight  for  we  were 
simply  victims  of  circumstances.  We  could 
not  buy  much  new  machinery  for  Russia  was 
still  getting  the  new  American  gangsaw  mills 
on  lend-lease  following  World  War  II,  and  we 
were  trying  to  put  together  a  pile  of  used  gang 
mill  machinery.  However,  we  were  suffering 
from  the  same  inexperience  that  many  buyers 
of  new  gangsaw  mills  are  and  the  manufac¬ 
turers  could  certainly  render  a  service  by  fur¬ 
nishing  a  capable  man  to  supervise  erection  of 
the  machinery  and  for  training  operators  and 
maintenance  men. 

The  "fairy  tale"  of  the  mill  manufacturers  is 
based  on  facts  under  near  perfect  conditions. 
For  instance,  the  over -run  is  usually  based  on 
the  West  Coast  method  of  scaling  long  logs 
without  considering  taper.  Usually  it  contem¬ 
plates  using  a  saw  with  l/8-inch  kerf  which  is 
actually  done  in  European  countries  where  the 
mills  are  run  slower  in  order  to  save  timber 
which  is  relatively  more  valuable  than  labor 
is.  Then  too,  in  order  to  get  a  large  over -run 
one  must  saw  quite  scant  and  this  can  actually 
be  done  by  mills  sawing  for  green  dimension 
because  of  the  accuracy  of  sawing.  However, 
in  the  Inland  Empire  most  stock  is  sold  dry 
and  there  is  no  tidewater  log  market  where  one 
can  buy  dimension  logs  exclusively  so  one  can¬ 
not  figure  on  sawing  as  scant  as  is  done  on  the 
West  Coast. 


Don't  expect  five  men  on  the  floor  of  a  mill 
to  saw  60,000  feet  in  an  eight  hour  shift  either. 
It  is  possible  with  picked  logs,  and  if  one 
could  always  secure  such  logs  from  a  tide¬ 
water  log  market,  the  average  could  be  near 
that  mark.  You  can  expect  to  build  your  cut 
to  from  30,000  to  40,000  feet  though,  depend¬ 
ing  upon  the  size  of  your  mill,  the  quality  and 
average  diameter  of  your  logs,  and  the  human 
factor  in  your  mill.  But,  don't  sell  the  gang 
down  the  river  yet--this  is  a  very  good  pro¬ 
duction  for  the  type  of  logs  in  our  area. 

A  sawmill  is  somewhat  like  a  truck  in  that  - 
under  certain  conditions  a  pickup  will  serve 
better  than  a  ten-ton  truck  and  vice-versa. 

In  nice  ponderosa  pine  timber  there  is  usually 
too  large  a  percentage  of  timber  too  big  to  be 
sawn  practicably  with  a  Swedish  gangsaw. 
Furthermore,  this  type  of  mill  lacks  the  flexi¬ 
bility  of  a  band--you  cannot  turn  logs  or  quickly 
change  the  set  to  pick  the  5/4  or  6/4  shop  or 
selects  from  the  logs.  On  the  other  hand,  as¬ 
suming  proper  upkeep  of  saws  and  machinery, 
there  is  no  more  accurate  means  of  sawing 
lumber  than  with  a  gangsaw,  and  in  my  opinion, 
the  Swedish  gangsaw  does  a  fine  job  of  making 
high  quality  lumber. 

ACCURACY  THE  BIG  POINT 

Accuracy  in  sawing  is  the  big  advantage  of  a 
Swedish  gangsaw  head  rig.  Practically  no  lum¬ 
ber  should  be  wasted  from  miscuts.  Then, 
one  saves  a  lot  of  lumber  by  being  able  to  saw 
with  less  tolerance  for  planing.  If  the  lumber 
is  to  be  used  in  the  rough  it  is  an  ideal  product. 
One  can  certainly  get  repeat  orders  for  fir  and 
larch  rough  bridge  plank,  rough  boards  which 
are  used  extensively  on  farms  in  the  Middle - 
west,  and  for- small  timbers.  Such  uniform 
lumber  has  an  advantage  if  it  is  to  be  planed 
also,  for  it  goes  through  a  planer  with  little 
difficulty  and  is  easy  on  the  machinery. 

There  has  been  some  criticism  of  Swedish 
gangsawn  lumber  because  of  live-sawing.  It 
is  true  that  on  a  conventional  head  rig  it  is 
theoretically  possible  to  turn  logs  enough  to 
avoid  practically  all  branch-type  knots.  How¬ 
ever,  in  small  timber,  branch  knots  have  very 
little  adverse  effect  on  the  lumber  which  is 
gangsawn.  It  is  also  certain  that  the  selects 
developing  from  the  top  and  bottom  sides  of 
the  logs  will  be  narrower  than  they  would  be 
if  the  logs  were  turned.  However,  many  mills 
rip  most  of  their  fir  and  larch  wide  selects  to 
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avoid  season  checks,  while  the  narrow  selects 
developed  on  the  Swedish  gangsaw  will  mostly 
be  vertical  grain,  and  this  means  a  great  deal 
in  lumber  quality  and  value. 

THE  PROBLEM  OF  EDGINGS 

Despite  more  accurate  sawing,  one  will  not 
have  the  over -run  with  the  gang  that  he  does 
with  a  band  unless  at  least  part  of  the  heavy 
edgings  are  utilized.  In  sawing  logs  with  a 
great  deal  of  taper,  there  will  be  very  wide 
edgings  from  the  large  end  of  the  log,  and 
these  would  be  made  into  short  boards  if  pro¬ 
perly  turned  on  a  carriage.  There  is  bound 
to  be  a  lot  of  bother  in  making  these  edgings 
into  a  salable  product  profitably.  Standard 
lath  and  fence  lath  yield  only  a  small  increment 
over  labor  cost.  Mouldings  pay  better,  but 
sometimes  it  is  difficult  to  sell  mouldings  from 
species  other  than  pine.  The  best  margin  of 
all  is  obtained  from  small-sized  selects,  mostly 

1  by  2's,  1  by  3's,  1  by  4's  and  2  by  2's.  The 
thicker  the  lumber  sawn,  the  larger  the  edgings 
will  be.  Therefore,  even  2  by  3's  are  obtained 
from  edgings  sawn  from  3 -inch  plank,  while 

2  by  4's  develop  when  4-inch  plank  is  cut.  The 
problem  in  disposing  of  the  edgings  profitably 
carries  through  all  phases  of  the  business — 
from  the  problems  involved  in  handling,  season¬ 
ing,  storing,  ripping,  trimming  and  planing  such 
small  sizes  through  the  disposal  problems  in 
the  selling  department.  If  one  is  making  a 
specialty  product  he  may  learn  that  certain 
buyers  do  not  hesitate  to  cancel  an  order  in 
process  and  deals  of  this  kind  tend  to  increase 
the  sale  of  refuse  burners.  However,  a  large 
percentage  of  the  edgings  can  be  marked  pro¬ 
fitably,  and  anyone  with  enough  fortitude  to 
enter  the  sawmill  business  with  all  of  its  dif¬ 
ficulties,  problems,  headaches  and  abominable 
ulcers,  "till  death  do  us  part",  should  be  un¬ 
daunted  by  problems  connected  with  edgings  in 

a  gang  mill. 

In  order  to  saw  with  a  Swedish  gangsaw  it 
is  practically  a  necessity  to  have  a  log  pond. 
Changing  saws  takes  a  considerable  amount  of 
operating  time  so  logs  should  be  sorted  for 
orders  and  species.  A  pond  also  helps  clean 
the  logs  to  allow  the  saws  a  longer  run  between 
changes. 

So  far,  I've  probably  mentioned  as  many  dis¬ 
advantages  as  advantages  and  left  you  "high  and 
dry"  and  "on  the  fence".  Here's  a  ladder  to 
climb  down — but  it  is  quite  rickety  and  you 
might  prefer  to  slide  down  a  fence  post  on  the 
band  saw  side.  I  feel  that  the  economy  of  man¬ 
power  and  more  than  anything  else,  the  exceed¬ 
ingly  accurate  sawing  of  a  Swedish  gangsaw 
make  it  the  best  means  of  sawing  small  mixed 
timber  in  the  Inland  Empire.  The  percentage 


of  non-pine  species  utilized  has  been  increasing 
and  must  continue  to  gain  if  the  regional  cut  is 
to  be  maintained.  The  size  of  timber  being  cut 
is  also  following  a  gradual  downward  trend  and 
the  advantages  of  a  gangsaw  increase  as  the 
size  of  timber  decreases.  Slowly  but  surely 
our  timber  economy  is  getting  more  like  that 
in  European  countries  where  Swedish  gangsaws 
are  commonplace. 
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Utilization  of  Cedar  Slash 

D.  S.  OLSON,  School  of  Forestry,  University  of  Idaho,  Moscow,  Idaho 


For  the  past  year ,  I  have  been  working 
on  logging  slash  problems  in  northern 
Idaho,  through  a  special  research  project  of 
the  Forest,  Range  and  Wildlife  Experiment 
Station  at  the  University  of  Idaho--so  I  have 
been  looking  at  a  lot  of  slash. 

Men  working  with  logging  slash  see  conditions 
in  the  woods  at  their  worst.  To  them  the  resi¬ 
due  adter  logging  may  be  somewhat  magnified 
because  they  not  only  get  a  good  look  at  the 
debris,  but  since  it  is  their  job  to  dispose  of 
it,  any  seemingly  unnecessary  material  in  the 
slash  becomes  an  irritant.  This  is  particularly 
true  of  heavy  material  mixed  with  the  limby 
slash.  Speculation  abounds  among  the  "brush 
pilers"  as  to  the  possibilities  of  utilizing  much 
of  this  logging  residue — with  an  eye  to  reducing 
slash  disposal  problems. 

Our  most  difficult  problem  occurs  in  heavy 
slash  concentrations  such  as  is  commonly  found 
where  cedar  pole  making  follows  logging.  A 
large  percentage  of  the  half  million  dollar  an¬ 
nual  slash  bill  goes  into  those  areas— although 
they  comprise  only  a  relatively  small  propor¬ 
tion  of  the  total  acreage  logged.  Even  with  ex¬ 
penditures  of  $50.00  and  more  per  acre,  the 
slash  disposal  job  is  often  unsatisfactory.  An 
alternative  to  finding  more  satisfactory  means 
of  meeting  this  problem,  is  to  reduce  it.  Re¬ 
duce  it  to  a  size  where  one  can  come  to  grips 
with  it.  One  way  of  doing  this  is  to  try  to  get 
more  of  this  debris  out  of  the  woods  through 
increased  utilization. 

Cedar  slash  is  a  particularly  dangerous  fuel 
to  be  left  in  the  woods.  Cedar  contains  volatile 
oils  that  make  it  highly  inflammable  and  it 
resists  decay  much  longer  than  any  of  the  other 
species  in  the  white  pine  type.  Hence,  when 
we  began  to  explore  the  possibilities  of  reduc¬ 
ing  the  slash  volume  in  heavy  concentrations, 
our  observations  were  pointed  first  to  this 
species. 

USE  POTENTIAL  SURVEYED 

Ordinarily,  when  preparing  cedar  slash  for 
burning,  limbs  are  lopped  from  the  tops  and 
stacked  in  compact  piles,  leaving  the  heavy 
material  quite  free  of  branches.  Noting  that 
this  material  had  been  made  ready  for  use, 
so  to  speak,  by  slash  disposal  operations, 
some  of  the  men  invested  with  the  responsi¬ 
bility  of  slash  disposal  for  the  State,  wondered 
if  it  had  salvage  value.  Their  view  was  that 


here  was  a  lot  of  cedar  material  made  near 
ready  for  market  through  the  expensive  job 
of  lopping  for  slash  disposal,  and  any  profitable 
salvage  possibilities  might  help  defray  the  cost 
of  such  disposal. 

Last  summer  two  50-foot  sample  plots  were 
staked  out  in  an  area  of  heavy  cedar  pole  cut¬ 
ting  where  the  tops  had  been  lopped  and  all 
light  slash  piled  preparatory  to  burning.  Con¬ 
verted  to  an  acre  basis,  the  sound  cedar  ma¬ 
terial  left  on  the  ground  amounted  to  this: 


Class  No.  per  acre 

Poles  16  feet  5  17 

Poles  20  feet  3  and  6  17 

Poles  25  feet  5  9 

Poles  30  feet  6  8 

Poles  35  feet  4  arid  6  17 

Total  small  poles  16  feet  to  35  feet  68 

Piling  10  feet  by  10  inches  by  8 
inches  17 

Round  posts  7  feet  by  8  inches  by 
6  inches  to  8  inches  104 

Split  posts  (long  butts)  609 


>  A  count  of  stumps  showed  that  156  large 
poles  per  acre  had  been  taken  from  the  area. 

Admittedly  this  sampling  was  done  in  an 
area  of  heavier  than  average  cutting.  How¬ 
ever,  our  objective  was  not  to  point  out  so- 
called  wood's  waste  but  rather,  concentrations 
of  this  unused  material  such  as  one  would 
naturally  select  for  salvage  operations,  and 
where  slash  problems  were  most  difficult. 

Accessibility  of  logged  off  areas  with  their 
network  of  roads,  makes  this  material  readily 
available.  There  is  of  course  the  job  of  as¬ 
sembling  the  material  for  loading.  This  led 
to  further  speculation.  Why  not  bring  to  the 
landings  whole  trees  as  is  done  in  tree  length 
skidding  for  saw  logs,  and  make  the  poles 
there  instead  of  where  they  fall.  Usually 
pole  making  follows  logging  so  there  are  often 
idle  landings  suitable  for  this  purpose.  This 
method  would  bring  the  bulk  of  the  cedar  slash 
out  of  the  woods,  reducing  that  problem.  At 
the  landings  it  would  be  a  relatively  simple 
matter  to  dispose  of  the  limbs,  bark  and  other 
debris  currently,  so  as  to  keep  the  area  clear 
for  the  pole  makers.  It  would  seem  easier  for 
the  pole  makers  to  perform  their  work  on  these 
landings,  and  this  might  partly  offset  any  in¬ 
crease  in  skidding  costs.  Outright  losses  of 
finished  cedar  poles  in  slash  fires  (and  this 
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occasionally  happens)  would  be  largely  avoided. 
But  in  addition,  much  of  the  material  mentioned 
above,  having  salvage  possibilities,  would  be 
assembled  at  the  landings  rather  than  scat¬ 
tered  in  the  woods  and  consequently,  be  that 
much  more  acceptable  for  salvage  operations. 

Perhaps  there  are  some  obstacles  in  this 
unorthodox  method  of  making  poles,  but  it  is 
my  understanding  that  one  gypo  has  operated 
successfully  for  several  years  using  this 
method  and  I  heard  recently  that  the  Potlatch 
Forests,  Inc.  intends  to  try  it  on  several  op¬ 
erations  this  summer;  also  that  the  Forest 
Service  contemplates  a  test  of  the  method  on 
the  Kaniksu.  Considerable  sums  of  money  are 
spent  on  cedar  slash  concentrations.  For 
example,  in  the  previously  mentioned  sample 
plots  where  156  poles  per  acre  were  removed, 
a  deposit  of  $88.  92  per  acre  was  required  for 
cedar  slash  disposal  under  the  state  regulations 
of  57  cents  per  tree.  The  Forest  Service  has 
been  charging  3  cents  per  linear  pole  foot  for 
cedar  slash  disposal.  On  this  basis  slash  dis¬ 
posal  requirements  for  156  poles  averaging  40 
feet  would  amount  to  $188.40  per  acre.  These 
large  amounts  indicate  that  one  operation 
might,  in  effect,  subsidize  another,  and  yet 
come  out  with  an  over -all  gain. 

Disposal  of  lighter  slash  fuels  at  the  landings 
might  be  most  cheaply  done  by  current  burn¬ 
ing.  However,  if  uses  economically  feasible 
could  be  found  for  chipped  material,  here  would 
be  provided  the  ideal  setup  for  the  operation 
of  chipper s.  For  example,  if  a  wider  market 
for  cedar  oils  or  shredded  cedar  bark  could 
be  developed,  the  raw  material  for  chipping 
and  shredding  would  be  accumulating  right  at 
the  seat  of  operations. 
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Utilization  of  Slash  by  Chipping 

ERNEST  E.  HUBERT,  School  of  Forestry,  University  of  Idaho,  Moscow,  Idaho 


The  FUTURE  uses  for  wood  residues,  at 

present  unmerchantable  and  left  on  the  log¬ 
ging  areas  in  Idzdio,  are  not  completely  predict¬ 
able  until  a  survey  is  completed  to  determine 
the  species  of  wood,  type  of  residue,  and 
aunount  and  location  of  this  raw  material.  The 
Forest  Service  has  gathered  data  on  wood  resi¬ 
dues  in  the  Inland  Empire  area  and  this  infor¬ 
mation  when  brought  up  to  date  would  form  the 
basis  for  a  state-wide  survey.  However,  be¬ 
fore  any  attempt  is  made  to  develop  a  field 
program  of  utilization,  such  a  survey  should 
be  supported  by  necessary  research  and  the 
development  of  accurate  data  on  transportation, 
manufacturing  and  marketing  as  related  to  the 
products  made  from  these  residues. 

Since  parts  of  a  tree  are  not  lost  to  use  un¬ 
less  completely  destroyed  by  fire,  insects, 
decay  or  related  causes,  it  is  neither  good  pub¬ 
lic  relations  nor  good  economy  to  classify  un¬ 
used  wood  and  fuel  wood  as  waste.  For  the 
purposes  of  this  discussion  all  wood,  bark  and 
leaves  left  unused  following  logging,  milling 
and  various  manufacturing  processes  may  be 
more  appropriately  called  residues. 

TYPES  OF  RESIDUE 


in  reducing  erosion  on  skidway s  and  roads. 
Although  the  smaller  pieces  would  decompose 
faster,  offer  less  obstruction  the  development 
of  conifer  seedlings,  lie  closer  to  the  soil 
and  present  less  of  a  fire  hazard  than  chips 
from  larger  slash  or  the  slash  in  its  original 
form,  the  use  of  chipped  slash  for  such  pur¬ 
poses  must  first  be  considered  from  the  angle 
of  costs.  A  study  of  the  cost  of  operating  a 
chipper  in  the  woods  balanced  against  the 
savings  made  by  reducing  the  cost  of  piling 
and  burning  the  slash,  is  a  necessary  step 
before  this  use  can  be  justified.  Experiments 
should  be  conducted  to  determine  the  value  of 
scattering  chips  over  the  logging  area,  and 
measuring  the  reduction  in  fire  hazard,  the 
reduction  in  erosion  and  various  other  factors 
including  the  effect  upon  reproduction.  It  is 
planned  to  test  the  performance  of  the  chipper 
on  logging  areas  this  summer  and  determine 
its  possibilities  and  limitations.  Arrange¬ 
ments  have  been  made  to  obtain  a  chipper  for 
test  on  the  Potlatch  Forests,  Inc. ,  areas 
and  on  the  Coeur  d'Alene  and  Kaniksu  National 
Forests.  There  is  one  factor  vdiich  favors  the 
chipper  operation  and  that  is  the  accessibility 
of  the  logged  area  through  the  present  day 
network  of  logging  roads. 


The  residues  with  which  we  are  most  con¬ 
cerned  in  the  solution  of  the  slash  problem 
are  found  in  the  first  two  of  the  four  groups 
of  slash  listed  below: 

1.  Slash  up  to  4  inches  in  dicuneter.  (In¬ 
cludes  flash  fuel) 

2.  Slash  4  to  8  inches  in  diameter.  (Light 
fuel) 

3.  Rejected  and  broken  logs,  pushovers, 
windfalls,  etc.  of  8  inches  top  diameter  and 
larger.  (Heavy  fuel) 

4.  Stumps,  rbots  and  bark  peelings. 

Slash  material  up  to  8  inches  in  diameter 
is  small  enough  to  be  considered  serious  in 
furnishing  flash  fuels  of  sufficient  bulk  to 
ignite  larger  slash.  It  is  also  within  the  size 
limit  for  processing  into  chips  by  means  of  a 
portable  chipper.  There  is  the  possibility  that 
this  smaller  slash  can  be  used  as  mulch  and 
returned  as  organic  matter  to  improve  the 
forest  soil,  if  it  is  chipped  and  scattered  on 
the  logging  area.  Some  thought  has  also  been 
given  to  the  possibility  of  using  these  chips 


UTILIZATION  POSSIBILITIES 

The  various  possible  uses  for  tree  residues 
may  be  divided  into  the  following  three  groups: 

1.  Salvaging  solid  wood  cuttings  for  a  num¬ 
ber  of  established  uses,  such  as  short  length, 
dimension  and  cut  stock. 

2.  Using  the  bark,  chips,  needles  and 
fibers  for  various  uses  such  as  mulch,  pulp, 
paper,  synthetic  boards  and  molded  products. 

3.  Subjecting  the  residues  to  various  types 
of  chemical  processes  to  remove  usable  ma¬ 
terials,  or  to  convert  directly  into  chemical 
products. 

Utilization  in  the  first  category  is  a  matter 
of  economics  involving  the  collection,  trans¬ 
portation  and  manufacturing  of  short  and  odd 
sized  pieces  left  on  the  area  after  logging. 

The  second  and  third  categories  present 
more  difficult  problems.  Until  all  of  the  wood 
residues  accumulating  at  the  mills  and  manu¬ 
facturing  plants  have  been  economically  utilized 
for  marketing,  there  will  be  little  possibility 
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of  using  the  bulk  of  residues  on  the  logging  A  carefully  planned  research  program  is 

areas  for  merchantable  products.  Concentra-  indicated,  with  all  interested  agencies  con- 

tion  of  residues  at  or  near  manufacturing  tributing  their  best  efforts,  if  we  are  to  find 

plants  is  vital  to  the  production  of  such  pro-  profitable  uses  for  tree  residues, 

ducts  as  synthetic  boards,  molded  products, 
chemicals,  and  chemical  by-products.  Pres¬ 
sed  board  plants  require  from  20  to  50  tons  of 
wood  residues  per  day  on  a  sustained  basis  and 
when  these  residues  have  to  be  transported 
from  10  to  30  miles  to  the  concentration  point, 
the  cost  of  moving  this  material  to  the  plant 
is  often  prohibitive.  Many  of  our  logging  areas 
are  far  removed  from  manufacturing  centers 
and  the  cost  of  transporting  tree  residues  for 
long  distances  plus  the  cost  of  processing  the 
slash  into  chips  or  other  condenses  forms  may 
be  too  great  to  realize  profits  from  the  products 
which  might  be  manufactured  from  this  mater¬ 
ial.  The  same  products  could  be  manufactured 
more  cheaply  from  residues  already  available 
at  mills  and  woodworking  plants. 

Certain  products  have  been  found  economical 
to  manufacture  from  wood  residues  in  areas 
where  the  raw  material  is  cheap  enough  and 
is  concentrated  in  large  quantities  and  where 
the  transportation  and  marketing  factors  are 
favorable.  While  sawdust,  planer  shavings 
and  chips  may  be  found  practical  to  use  in 
one  region,  their  use  in  other  regions  must 
first  be  studied  and  integrated  into  the  economy 
of  a  particular  area. 

In  attempting  to  solve  our  slash  problem  by 
finding  uses  for  the  tree  residues  we  are  forced 
to  base  our  recommendations  on  sound  econom¬ 
ics.  Unless  the  products  made  from  unused 
materials  can  be  marketed  with  profit  or  it  is 
found  economical  to  use  new  methods  of  slash 
disposal,  we  are  left  without  an  answer  to  this 
problem. 

Aside  from  the  reduction  in  high  hazard  slash 
made  possible  by  Olson's  suggestion  of  a  modi¬ 
fied  method  of  logging  cedar,  and  the  possible 
use  of  the  more  inflammable  slash  by  scattering 
chips  on  the  area,  we  are  confronted  with  an 
untried  list  of  possible  uses  all  of  which  must 
be  studied  carefully  before  recommendations 
are  made. 

Our  present  problem,  then,  is:  (a)  to  com¬ 
plete  a  survey  of  tree  residues  which  will  give 
us  a  true  inventory  of  the  unused  material, 

(b)  to  obtain  data  on  species,  type  of  material, 
amounts  available  and  whether  they  constitute 
a  sustained  supply,  (c)  cost  of  raw  material 
on  the  ground  and  cost  of  transportation  to 
nearest  manufacturing  centers,  (d)  studies  to 
determine  what  products  can  be  made  and  sold 
at  a  profit,  and  (e)  a  study  of  markets  and 
competitive  products. 
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Care  and  Maintenance 
of  Carbide  Wood  Working  Tools 

D.  BROOKS,  Firth  Sterling  Steel  and  Carbide  Corp.  ,  McKeesport,  Pa. 


This  topic  "Care  and  Maintenance  of  Car¬ 
bide  Wood  Working  Tools"  covers  a  tre¬ 
mendous  field.  The  importance  of  this  topic  is 
realized  by  the  various  groups  and  individuals 
in  the  wood  working  industry  who  are  interested 
in  the  efficient  and  economicad  operation  of 
carbide  tools. 

We  all  realize  that  in  discussing  this  subject 
we  must  assume  that  these  carbide  tools  have 
been  properly  designed  for  the  particular  work 
to  be  done;  fabricated  accurately  and  carefully 
with  the  proper  grade  of  carbide  to  meet  the 
needs  of  the  application  and  operated  on  accurate 
and  rigid  equipment.  If  these  assumptions  were 
not  true  we  would  have  no  tools  to  take  care  of, 
to  operate,  or  maintain. 

It  is  necessary  first  to  determine  where  "care" 
leaves  off  and  "maintenance"  begins.  Care 
covers  the  methods  of  handling,  packaging  and 
shipment  of  carbide  tools  by  the  tool  fabricator 
and  the  treatment  these  tools  receive  within  the 
plant  of  the  ultimate  user.  The  treatment  within 
the  customer's  plant  includes  time  on  and  off  the 
machines.  "Maintenance"  is  the  method  used 
to  recondition  these  tools  to  maintain  maximum 
production  and  maximum  tool  life. 

Before  discussing  these  factors,  care  and 
maintenance,  a  brief  non-technical  description 
of  what  and  how  carbides  are  produced  should 
be  included. 

HOW  CARBIDES  ARE  PRODUCED 

The  manufacture  of  sintered  carbides  is  a 
projection  of  the  art  of  powder  metallurgy. 
Powder  metallurgy  comprises  the  production, 
by  mechanical  or  chemical  means,  of  a  metal 
powder — and  the  union  of  this  powder  below  the 
melting  point  of  the  major  constituent  into  a 
reasonably  strong  solid  form.  Nature  has  been 
practicing  the  principles  of  powder  metallurgy 
for  many  ages.  Powders  of  various  degrees 
of  fineness  have  been  produced  by  weathering, 
erosion,  wet  grinding  and  other  methods  of 
disintegration  and  pulverization.  These  powders 
were  then  deposited  in  beds,  by  action  of  liquids 
or  air  which  separated  the  various  materials 
according  to  grain  size,  weight,  or  the  fluid  in 
the  mixture.  Under  influence  of  pressure,  with 
or  without  the  aid  of  heat,  solid  bodies  were 
produced.  Sandstone,  limestone  and  marble  are 
examples  of  this  process.  There  is  considerable 
evidence  that  the  principles  of  powder  metal¬ 
lurgy  have  been  known  for  thousands  of  years 


and  there  exists  today  many  excmples  of  this 
principle  in  many  countries  and  on  most  every 
continent  dating  back  many  centuries. 

Carbides  are  formed  with  tungsten-titanium, 
tantalum,  columbium,  molybdenum,  manganese, 
chromium,  vanadium,  silicon,  aluminum,  zir¬ 
conium,  iron  and  nickel.  Carbides  are  not 
formed  with  cobalt,  copper  or  phosphorus.  Only 
a  few  of  these  carbides  are  commercially  used. 
Since  we  are  interested  primarily  in  tungsten 
carbides  we  offer  a  brief  outline  of  the  basic 
fundamentals  in  the  manufacture  of  sintered 
carbides.  The  processing  methods  employed 
by  the  various  manufacturers  are  basically  the 
same  although  the  techniques  may  differ,  ac¬ 
counting  for  any  differences  in  the  various  makes. 
Sintered  carbides,  for  industry,  are  manufactured 
to  meet  the  three  basic  needs  for  cutting  carbides, 
wear  resistance  or  shock  resistance  and  edge 
holding  qualities.  The  principal  and  basic  ingre¬ 
dient  of  all  sintered  carbide  compositions  is  the 
metallic  element  tungsten.  The  ore  Scheelite, 
or  calcium  tungstate  is  most  generally  used  for 
the  production  of  tungsten  carbides.  The  tungsten 
is  recovered  from  the  ore  by  a  chemical  process 
in  the  form  of  a  metallic  powder.  The  acid  and 
water  is  then  removed  by  heat  and  further  reduced 
in  hydrogen  atmosphere  furnaces  to  produce  pure 
metallic  tungsten  powder.  By  varying  conditions 
in  the  chemical  and  reducing  operations  different 
types  of  tungsten  powder  are  produced.  Variation 
of  grain  size  and  shape  of  the  pure  metallic  tung¬ 
sten  powders,  thus  produced,  will  when  sintered, 
produce  carbides  with  widely  different  physical 
properties  of  hardness,  wear  or  shock  resistance. 

The  pure  tungsten  powder  is  mixed  with  pure 
carbon  in  the  form  of  leunpblack  in  a  ratio  of 
94  percent  to  6  percent  by  weight.  The  mixing 
is  done  by  ball  milling  until  the  tungsten  par¬ 
ticles  are  uniformly  coated  with  the  lampblack. 
This  ball  milling  prevents  the  separation  of 
the  tungsten  and  the  carbon  eUter  the  milling 
operation  even  though  they  have  widely  different 
densities.  The  thoroughly  mixed  tungsten  and 
carbon  are  packed  in  a  graphite  container  and 
heated  until  the  mechanical  mixture  of  tungsten 
and  carbon  is  converted  into  the  compound, 
tungsten  monocarbide,  W.  C.  This  solid  mass 
is  then  broken  up,  ball  milled  and  screened  to 
required  grain  size. 

Although  this  pure  tungsten  carbide  powder 
can  be  pressed  and  sintered  into  final  form  it 
is  much  too  brittle  for  any  cutting  application. 

A  binding  agent  is  needed  to  hold  these  particles 
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together  to  produce  a  material  which  will  have 
resistance  to  wear  or  shock  and  yet  maintain 
a  cutting  edge.  Pure  cobalt  metal  powder  is 
used  as  the  binding  agent.  This  cobalt  powder 
is  combined  with  the  tungsten  carbide  powder 
by  a  wet  ball  milling  process  until  the  tungsten 
carbide  powder  is  uniformly  coated.  The  re¬ 
sulting  mass,  which  is  similar  in  consistency 
to  toothpaste,  is  filtered  through  an  extremely 
fine  screen  and  then  thoroughly  dried  in  a  vacu¬ 
um  furnace.  The  dried  cake  is  broken  into  a 
coarse  powder  and  passed  through  a  hydrogen 
furnace  set  at  the  reduction  temperature  of 
cobalt,  to  remove  any  oxide.  The  reduced  ma¬ 
terial  is  then  screened  through  a  325-mesh 
screen  and  tested.  That  is,  essentially,  briefly 
and  without  use  of  chemical  and  technical  ter¬ 
minology,  the  process  of  manufacture  to  obtain 
tungsten  carbide  and  cobalt  metal  powders. 

These  powders  are  then  processed  into  shaped 
tips,  parts  or  shapes  to  meet  the  requirements 
of  many  industries. 

Paraffin  is  then  added  to  these  powders  to 
facilitate,  and  to  act  as  a  lubricant  in  the  mold¬ 
ing  operation.  The  amount  of  pressure  applied 
is  near  30,000  psi.  regardless  of  the  shape. 

Less  pressure  would  result  in  undue  shrinkage 
and  over  30,000  pounds  pressure  would  not 
decrease  shrinkage  sufficiently  to  compensate 
for  the  increased  die  wear. 

If  this  basic  tungsten-carbide-cobalt  compound 
was  adequate  for  all  applications,  carbide  manu¬ 
facturers  could  go  into  tonnage  production  euid 
do  away  with  all  the  different  kinds  of  carbon, 
alloy  and  high  speed  steels  as  well  as  the  wide 
range  of  carbide  grades  which  are  being  manu¬ 
factured  and  used  today. 

Addition  of  various  other  metallic  carbides 
or  combinations  of  these  metallic  carbides  with 
cobalt  produce  carbide  grades  for  cutting  a 
variety  of  materials. 

Since  there  is  no  slag  formed  in  the  sintering 
processes  to  remove  impurities,  as  there  is  in 
a  steel  melt,  any  impurities  present  in  the  pow¬ 
ders,  or  picked  up  during  processing,  will  re¬ 
main  until  the  final  sintering  operation.  During 
this  final  sintering  the  impurities  may  burn  out, 
leaving  porosity,  or  they  may  appear  as  inclu¬ 
sions  in  the  final  product.  Sintering  is  done 
in  two  stages.  The  first  stage  drives  out  the 
paraffin  and  gives  sufficient  strength  for  shaping 
of  special  forms.  In  this  half  sintered  state  the 
carbides  can  be  sawn,  lathe  turned,  milled, 
threaded  or  ground.  Extreme' care  must  be 
used  in  handling  carbides  at  this  point.  Standard 
shapes  and  sizes  are  transferred  directly  to 
final  sintering.  During  the  final  sintering,  the 
cobalt  melts,  flows  through  the  tungsten  carbide 
particles  by  capillary  action,  and  dissolves  some 


of  the  tungsten  carbide.  Part  of  the  dissolved 
tungsten  carbide  is  reprecipitated  on  the  un¬ 
dissolved  grains  during  the  cooling,  and  the 
balance  forms  an  alloy  with  the  cobalt.  During 
this  final  sintering  the  piece  shrinks  and  the  end 
result  is  tungsten  carbide  and  cobalt  (and  any 
other  carbides,  if  used)  bound  together  in  a 
homogeneous  solid. 

From  this  intentionally  non-technical  ex¬ 
planation  of  tungsten  carbides  this  summary 
can  be  made--tungsten,  (the  basic  metal  in  all 
tungsten  carbides)  carbon  and  cobalt  when  blen¬ 
ded  by  chemical,  mechanical  and  heating  pro¬ 
cesses  produce  tungsten  carbide.  Addition  of 
other  carbides  such  as  tantalum,  titanium,  vana¬ 
dium,  etc.  ,  produce  carbides  for  specific  ap¬ 
plications.  Constant  research  by  the  carbide 
industry  will  continue  to  produce  carbides  of 
qualities  to  meet  the  needs  of  Americaui  industry. 

CARE 

Since  care  begins  during  the  manufacture  of 
carbide  tools  it  will  be  considered  first.  The 
manufacturer's  workmen  who  handle  or  fabricate 
carbide  wood  cutting  tools  should  be  thoroughly 
trained  in  every  phase  of  the  production  of  these 
tools.  They  should  understand  the  composition 
of  carbide,  the  real  reasons  why  it  must  be 
handled  carefully  during  the  fabrication  process. 
Efficient  equipment  should  be  made  available 
for  brazing  and  guiding  which  will  aid  greatly  in 
preventing  breizing  and  grinding  fractures. 

Carbide  tools  should  be  transported  in  clean 
wooden  containers  from  operation  to  operation. 

It  is  illogical  for  a  tool  manufacturer  to  insist 
that  their  customer  exercise  care  in  handling 
carbide  saws,  then  to  transport  these  same  saws 
from  machine  to  machine  on  a  hand  truck  without 
protection.  Partitioned  boxes,  (similar  to  record 
cabinets),  provide  excellent  tool  protection  while 
moving  through  the  plant.  Methods  of  packing  saws 
will  vary  with  the  several  carbide  tool  manufac¬ 
turers.  Some  saws  are  protected  with  a  plastic 
dip;  others  use  slit  rubber  hose  or  a  molded  rub¬ 
ber  channel  for  protection  of  the  saw  teeth. 

Knives,  cutters  and  bits  are  usually  plastic  dip¬ 
ped.  The  shipping  containers  vary  as  widely  as 
do  the  packing  methods.  Heavy  wood  boxes, 
special  designed  corrugated  containers,  discs 
of  masonite  or  insulating  boards  have  been  used. 
The  tool  manufacturer  is  responsible  for  the  care 
given  to  his  product  until  delivered  to  the  shipping 
agent. 

Once  the  carbide  tool  has  arrived  Scifely  in  the 
plant  of  the  user  he  and  his  employees  are  re¬ 
sponsible  for  its  care.  Too  often  carbide  tools 
are  damaged  or  ruined  in  the  receiving  room. 

On  several  occasions  these  carbide  tools  have  been 
damaged  by  receiving  room  help  because  no  one 
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had  talcen  the  time  to  explain  and  show  these 
men  how  carbide  tools  should  be  handled.  It 
is  well  to  remember  that  few  persons  in  the 
wood  industry  have  had  the  necessary  experience 
with,  or  knowledge  of,  carbides  to  handle  thei^i 
without  instruction.  Printed  instructions  in 
large  or  colored  type  on  the  exterior  seems  to 
have  little  value.  When  the  carbide  tools  arrive, 
it's  just  another  container  or  box  to  open.  Tools 
should  be  carefully  unpacked,  checked,  and  im¬ 
mediately  delivered  to  the  tool  room  or  machine 
room  foreman.  At  this  time  they  should  be  placed 
in  their  regular  container  or  storage  case.  All 
carbide  tools  should  have  special  containers, 
made  to  fit,  which  will  prevent  any  contact  with 
other  tools  or  metal  objects.  Some  plants  have 
a  container  for  each  saw  machine  which  holds  2 
or  3  blades.  Saws  for  this  machine  are  kept  in 
this  container  when  not  in  use. 

Cutters  or  cutter  heads  can  be  stored  and  pro¬ 
tected  when  not  in  use  in  special  individual  con¬ 
tainers  or  one  larger  container  can  be  used  to 
store  a  number  of  similar  cutters  of  approximat¬ 
ely  the  same  diameter.  Whatever  the  method 
used  these  carbide  tools  must  be  protected  at 
all  times  if  damage  is  to  be  kept  at  a  minimum. 
These  tools  should  never  be  stacked  together  or 
against  other  tools.  Hanging  carbide  tipped  saws 
on  a  nail  in  the  nearest  post  is  inviting  daunage 
to  tips  and  resulting  increase  in  maintenace 
costs.  It  has  been  our  misfortune  to  see  car¬ 
bide  saws,  knives  and  cutters  abused  as  no  tool 
should  be  treated.  There  can  be  no  doubt  that 
proper  containers  can  aid  greatly  in  preventing 
damage  to  carbide  tools. 

MAINTENANCE 

Maintenance  is  the  factor  which  determines, 
to  considerable  extent,  the  volume  use  of  car¬ 
bide  tools.  There  are  several  methods  now  in 
use  to  maintain  carbide  tools  in  various  wood 
working  plants.  (1)  All  carbide  tools  are  re¬ 
turned  to  the  original  manufacturer  for  recondi¬ 
tioning.  This  has  its  advantages  and  certainly 
one  defect.  The  advantages  can  be  attributed 
to  the  desire  of  a  manufacturer  to  keep  his  pro¬ 
duct  operating  efficiently  and  his  knowledge  of 
his  product  and  the  types  or  grades  of  material 
used  in  its  manufacture.  The  most  frequently 
voiced  objection  to  returning  tools  to  the  manu¬ 
facturer  is  the  delay  in  getting  them  back  on 
production  again.  (2)  Commercial  tool  re¬ 
conditioners  are  often  used  by  nearby  plants. 
Frequently  these  grinders  will  tadce  it  upon 
themselves  to  alter  the  original  grinding  or  fit¬ 
ting.  Instances  of  use  of  coarse  wheels  for 
rapid  grinding  have  been  reported.  (3)  Wood 
working  plants  using  a  farily  large  number  of 
carbide  tools  have  already  or  are  considering 
establishment  of  their  own  sharpening  and  repair 
shop.  The  initial  cost  and  the  operating  expense 


of  this  set-up  should  be  carefully  checked  by 
those  considering  such  a  step.  A  competent 
operator  is  probably  the  most  important  ele¬ 
ment  in  this  method.  In  other  instances  se¬ 
veral  local  wood  working  plants  have  discussed 
the  advisability  of  setting  up  a  cooperative  re¬ 
pair  department.  So  far  as  is  known,  no  such 
group  has  put  in  such  a  shop.  Large  manufac¬ 
turers  having  two  or  more  plants,  fairly  close 
together,  have  or  will  establish  their  own 
maintenance  department.  (4)  Another  main¬ 
tenance  plan  which  has  operated  on  a  limited 
scale  is  the  rental  or  lease  idea.  Under  this 
plan  the  tool  maker  provides  the  carbide  tools 
and  agrees  t^  keep  these  tools  in  good  condi¬ 
tion  for  a  stipulated  price  based  on  the  machine 
and  22  working  days  per  month. 

It  is  not  the  object  of  this  paper  to  evaluate 
these  different  maintenance  plans.  Each  has 
its  advantages  and  disadvantages.  The  require¬ 
ments  of  the  various  plants  will  determine  to 
a  great  extent  the  plan  which  most  nearly  fits 
their  own  needs. 

One  idea  which  can  and  should  be  used  in 
every  plant  is  centralized  control  of  all  carbide 
cutting  tools.  It  is  much  easier  to  instruct  and 
train  one  or  two  men  how  carbide  tools  should 
be  cared  for  and  maintained  than  to  expect  every¬ 
one  to  be  responsible. 

The  tool  which  will  run  indefinitely  without 
*  care  or  maintenance  is  still  a  hazy  dream  in 
the  subconscious  mind  of  the  tool  designer  and 
manufacturer--so  the  search  continues  for  the 
best  tool  which  will  meet  the  greatest  number 
of  needs.  Some  plants  have  run  two  or  more 
carbide  tools  until  they  were  past  satisfactory 
service,  then  averaged  the  time  run.  A  satis¬ 
factory  service  period  was  then  established  as 
60  percent  to  80  percent  of  this  first  average 
run.  Oii  subsequent  runs  the  tools  were  sharp¬ 
ened  at  the  end  of  the  established  period.  This 
had  saved  tools  from  abuse,  extended  total 
tool  life  and  increased  efficiency.  No  general 
statement  should  be  made  as  to  length  of  ser¬ 
vice  for  carbide  tools.  Wide  variation  of  ma¬ 
terials,  operating  conditions,  equipment,  and 
last  but  most  important  the  human  element, 
the  operators,  eliminates  any  sure  method  of 
determining  life  expectancy  of  carbide  tools. 

Grinding  must  be  done  on  rigid,  accurate 
tool  and  cutter  type  grinders.  Silicon  carbide 
wheels  can  be  used  for  break  down  grinding  or 
removing  steel  backing  where  it  joins  the  car¬ 
bide.  Finish  grinding  should  be  done  with 
diamond  impregnated  wheels  of  180  or  finer 
grain  size.  The  amount  removed  per  pass  of 
the  wheel  should  not  be  sufficient  to  create 
excessive  heat  in  the  tip.  Coarse  wheels  leave 
deep  scratches  which  often  are  the  beginning 
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of  fractures  or  broken  tips.  Abrasive  and 
grinding  wheel  manufacturers  have  complete 
and  accurate  grinding  information  on  grinding 
techniques.  This  information  is  available  on 
request. 

Brazing  techniques  will  vary  somewhat  with 
the  various  tool  fabricators.  There  are  two 
common  methods  of  brazing  carbide  tipped 
tools  such  as  saws  with  small  tips.  The  most 
commonly  used  method  is  the  brazing  torch. 

This  method  requires  considerable  skill  if 
satisfactory  results  are  to  be  obtained.  Lack 
of  uniformity  in  amount  or  location  of  heat  is 
another  objection.  Induction  hefting  is  rapidly 
becoming  the  accepted  method  of  brazing. 

Ability  to  regulate  the  amount  of,  as  well  as  the 
location  of  heat  is  its  greatest  asset.  Furnace 
brazing  is  used  widely  for  tools  requiring  larger 
pieces  of  carbide.  The  jig  or  fixture  for  lo¬ 
cating  the  tip  is  exceedingly  important.  Clean¬ 
liness  is  most  important  if  satisfactory  bonding 
is  to  result. 

It  is  certain  that  the  more  intelligent  the  care 
and  maintenance  given  carbide  tools,  the  better 
the  service  which  can  be  expected. 

DISCUSSION 

MR.  TEMPLETON,  Paine  Lumber  Company, 
Oshkosh,  Wis. ;  What  is  the  difference  between 
one  piece  of  carbide  or  another,  or  is  carbide 
all  the  same  ? 

MR.  BROOKS:  There  are  several  grades  of 
carbides.  Unfortunately,  the  grades  that  are 
used  now  are  the  grades  that  are  used  in  the 
metal  cutting  field  which  have  been  adapted  to 
the  wood  working  industry.  There  are  nine 
grades  of  carbides  in  a  range  of  ten  Rockwell¬ 
hardness  points.  Just  what  grades  we  are  going 
to  end  up  with  in  woodworking  is  a  tough  question. 

MR.  TEMPLETON:  I  have  heard  that  the 
German  carbide  men  developed  a  better  grade 
of  carbide  than  we  have. 

MR.  BROOKS:  I  am  going  to  stick  my  neck 
out  on  this  one.  I  think  that  they  may  have  some 
different  grades  of  carbide  on  tools  than  we  have 
on  wood  working  tools.  There  is  one  application 
in  this  country,  the  imported  8-tooth  saw,  that 
may  have  been  a  very  fortunate  selection  or  a 
predetermined  one.  I  would  not  say  they  have 
the  capacity  or  ability  to  make  any  better  grades 
of  carbides  than  we  make.  I  don't  think  the 
carbide  tool  manufacturers  would  admit  it, 
especially  with  the  brains  and  research  men  we 
have  in  this  country. 


on  a  sawdust  board  we  have  some  trouble  trying 
to  find  out  when  to  sharpen  them,  when  they  run 
too  long  the  steel  checks. 

MR.  BROOKS:  Two  different  plants  that  I 
know  of  have  met  this  situation  with  this  method. 
They  bought  a  new  carbide  tool,  ran  it  on  the 
new  application  until  it  was  completely  dull. 

They  did  that  three  times  on  each  tool.  They 
averaged  these  times  and  dropped  back  to  60 
to  80  percent  of  that  figure  and  established  that 
as  the  base  time  on  that  particular  operation. 
Then  they  took  the  tool  off  and  sharpened  it  at 
this  point  whether  anybody  thought  it  was  time 
to  be  ground  or  not.  One  of  these  plants  has 
been  operating  with  that  set-up  for  over  two 
years  and  reduced  their  maintenance  cost  and 
improved  the  operating  condition  and  quality  of 
work.  You  would  have  to  base  your  sharpening 
schedule  on  the  number  of  hours  run  or  the 
footage  going  through  the  machine.  All  tools 
must  be  logged-in  and  an  accurate  record  kept 
as  to  when  they  are  put  on  the  machine  so  one 
can  tell  when  the  operation  wets  begun. 


MR.  KECHT,  Curtis  Company,  Clinton,  la.: 
We  operate  a  carbide  saw  on  a  processed  board 


Conservation  of  Lumber 
Through  the  Removal  of  Defects 

FRED  J.  HEID,  Ekstrom,  Carlson  and  Co.  ,  Rockford,  Ill. 


The  first  step  it  is  necessary  for  us  to 

take  is  to  change  our  thinking  insofar  as  our 
economy  is  concerned  and  as  it  is  related  to  the 
lumber  industry.  Because  our  natural  lumber 
resources  have  been  reduced  to  a  point  where, 
as  an  example,  in  1946  No.  3- A  and  No.  3-B 
common  lumber  represented  from  35  to  50  per¬ 
cent  of  the  average  mill's  production  in  the 
Upper  Penninsula  of  Michigan,  we  must  turn 
from  the  New  World  economy  of  waste  to  the 
Old  World  economy  of  scarcity.  When  we  think 
in  terms  of  scarcity  our  thoughts  automatically 
flow  into  the  channels  leading  to  conservation 
and  preservation  from  waste. 

HOW  DEFECTS  ARE  REMOVED 
AT  PRESENT 

There  are  several  schools  of  thought  as  to  how 
lumber  should  be  processed  through  the  rough 
machining  operations  and  it  is  not  the  object  of 
this  paper  to  delve  too  far  into  this  phase  of  the 
operation.  For  the  purpose  of  illustration, 
however,  we  will  say  that  the  rough  stock  is 
fed  into  a  facing  planer;  then  to  the  gang  rip 
and  from  there  to  the  cut-off  saws  where  such 
defects  as  shake,  peck,  decayed  knots,  encased 
knots  and  other  defects  are  removed  by  bracket¬ 
ing  the  defect  by  two  saw  cuts. 

It  is  realized  that  certain  defects  cannot  be 
removed  by  any  other  method  than  this  because 
of  their  size  or  type.  But  consider  the  over -all 
result  of  this  practice.  First,  if  the  defect  is 
relatively  small,  all  of  the  lumber  above  and 
below  this  defect  is  also  cut  out.  If  this  defect 
appears  in  the  middle  of  the  board  and  the  board 
is  8  feet  in  length,  the  remaining  pieces  are 
half  the  original  length  less  the  amount  lost  to 
remove  the  defect.  This  is  a  waste  of  material. 

You  might  justifiably  say  that  the  material 
isn't  entirely  wasted  because  the  piece  con¬ 
taining  the  defect  falls  onto  a  sorting  conveyor 
and  if  it  contains  an  area  of  useable  stock  it  is 
placed  on  another  conveyor  and  is  again  sawed 
to  salvage  the  smaller  piece  of  clear  lumber. 

The  material  loss  is  lessened  but  labor  is 
involved,  additional  machinery  is  required, 
more  floor  space  is  used  and  the  cost  of  re¬ 
claiming  the  useable  portion  of  the  stock  is  great. 

DEFECTS  CAN  BE  REMOVED  WITH 
A  MINIMUM  OF  WASTE 

There  is  no  single  process  which  will  solve 
all  problems  and  the  cutting-out  process,  be  it 


cross  cutting,  ripping,  or  a  combination  of 
both,  will  as  already  has  been  stated  still  have 
to  be  employed.  However,  by  removing  de¬ 
fects  through  the  process  of  boring  out  the 
defect,  spraying  the  hole  with  glue,  cutting 
a  sound  plug  and  inserting  it  into  the  bored 
hole,  much  material  can  be  conserved;  longer 
useable  lengths  of  lumber  will  be  made  avail¬ 
able;  poorer  grades  of  lumber  can  be  used  for 
cores;  and  a  general  upgrading  of  material  for 
interior  and  exterior  use  will  occur. 

It  is  quite  probable  that  you  have  at  one  time 
or  another  tried  to  plug  defects  using  the  simple 
boring  bit,  plug  cutter,  brush  for  applying  the 
glue  to  the  bored  hole,  and  a  mallet  for  driving 
the  plug  into  place.  The  process  was  slow 
and  the  results  were  undoubtedly  unfavorable 
with  the  final  result  that  the  principle  of  plug¬ 
ging  was  discarded  as  being  impractical. 
Frankly,  the  fault  did  not  lay  in  the  principle 
but,  rather,  in  the  method.  These  unsatisfac¬ 
tory  results  could  be  attributed  to  the  improper 
relationship  between  the  size  of  the  boring  bit 
and  that  of  the  plug  cutter.  The  use  of  every 
conceivable  type  of  stock  for  the  cutting  of  the 
plugs  with  a  complete  disregard  of  variation 
>  in  moisture  content  might  also  have  been  a 
cause. 

Probably  another  factor  which  had  a  bearing 
on  the  end  result  was  the  type  of  plug  setter 
that  was  used.  A  claw  hammer  with  the  head 
area  being  less  than  that  of  the  plug  or  some 
other  similar  tool  was  undoubtedly  employed. 
The  concentration  of  the  force  of  the  blow  over 
a  restricted  area  would  result  in  a  compressing 
of  the  wood.  If  the  piece  was  machined  shortly 
thereafter,  the  plug  would  continue  to  rise  as 
the  cells  returned  to  somewhere  near  their 
original  size  and  a  bulge  would  be  discernable 
in  the  veneer. 

Then,  too,  if  a  thin  plug  was  used  for  shallow 
plugging,  an  excess  amount  of  glue  deposited 
in  the  bored  hole  could  cause  the  plug  to  swell. 
Again,  if  machining  was  done  too  soon  2ifter 
the  plug  was  inserted,  the  resultant  shrinkage 
would  cause  a  depression  in  the  veneer. 

NEW  MECHANICAL  METHOD 

After  a  great  deal  of  research  over  a  period 
of  several  years,  a  means  was  conceived  for 
boring  out  the  defect,  cutting  the  plug  from 
solid  stock,  spraying  the  glue  into  the  bored 
hole,  positioning  the  plug  and  pushing  the  plug 
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into  the  hole  from  which  the  defect  was  re¬ 
moved. 

The  mere  conception  of  the  idea  as  to  how 
this  could  be  done  wasn't  sufficient.  The  me¬ 
chanism  had  to  be  designed,  engineered  and 
built,  but  even  that  wasn't  enough.  It  had  to 
be  tried  and  proven. 

To  draw  a  word  picture  of  the  principle  of 
production  plugging  by  mechanical  means  is 
somewhat  difficult  and  we  must,  of  necessity, 
proceed  in  some  semblance  of  order  from  the 
bottom  to  the  top.  The  machine  consists  of 
a  heavy  fabricated  steel  frame  of  the  "C"  or 
gooseneck  type.  Mounted  on  this  frame  is  a 
head  equipped  with  two  spindles  and  the  spring 
loaded  plug  setter.  One  spindle  is  equipped 
with  a  plug  cutter  and  the  other  spindle  is 
equipped  with  the  boring  tool.  The  head  on 
which  these  spindles  is  mounted  is  traversed 
up  and  down  as  part  of  the  automatic  cycle. 

Directly  beneath  the  rear  spindle,  which  is 
the  plug  cutting  spindle,  a  stock  feed  is  mounted 
to  carry  the  strip  plug  stock  and,  directly  below 
this  stock  feed  is  the  plug  carrier.  Full  elec¬ 
trical  controls  are  provided  on  the  machine. 

In  operation,  the  work  is  positioned  under 
the  boring  tool  and  the  electric  foot  switch 
is  depressed  to  begin  the  automatic  cycle. 

The  head  descends,  carrying  with  it  the  stock 
or  work  clamps,  and  the  defect  is  bored  out, 
the  plug  is  cut  and  is  deposited  in  the  plug 
carrier.  The  boring  spindle  then  rotates  180 
degrees  and  brings  the  plug  setter  into  position 
over  the  hole  from  which  the  defect  has  been 
removed.  During  this  portion  of  the  cycle  a 
predetermined  amount  of  glue  is  automatically 
sprayed  into  the  hole.  The  plug  carrier  then 
delivers  the  plug  into  exact  position  over  the 
hole  and  the  plug  setter  pushes  the  plug  into 
the  hole  and  the  head  returns  to  top  stroke  v 
position  to  complete  the  cycle.  The  cycle  time 
is  adjustable  from  a  minimum  of  five  seconds 
dependent  upon  the  nature  of  the  plugging  to  be 
done . 

The  most  practical  plug  size  is  2  inches  in 
diameter,  which  is  ample  to  take  care  of  the 
average  defect.  Where  large  defects  must 
be  removed  this  size  of  plug  is  ideal  and  it  is 
only  necessary  to  keep  repeating  the  cycle, 
moving  the  stock  or  work  slightly  each  time, 
until  the  full  area  is  sound.  "Through"  plugging 
or  "shallow"  plugging  can  be  done  with  equal 
ease. 

Many  of  you  who  were  in  attendance  at  the 
FPRS  Show  held  in  Grand  Rapids  in  May,  1949, 
may  have  seen  the  machine  to  which  reference 
is  now  made  because  it  was  on  display  there. 


After  a  further  period  of  testing  and  experimen¬ 
tation  that  machine  was  shipped  to  a  plant  in 
Pickens,  S.  C.  ,  where  an  average  of  800  defects 
are  plugged  per  hour  in  core  stock  after  the 
cores  are  assembled  and  before  finish  planing. 
Please  especially  note  that  this  plugging  is  done 
after  the  cores  are  assembled.  The  cores  are 
then  machined  and  veneered  to  make  up  indus¬ 
trial  sewing  machine  tables. 

In  this  particular  case,  the  cores  were  stacked 
on  pallets  for  a  given  length  of  time  to  permit 
the  glue  to  set  naturally.  For  continuous  line 
production  a  high  frequency  fully  shielded  unit 
can  be  employed  in  conjunction  with  the  machine 
for  fast  setting  .of  the  glue.  In  this  case,  the 
cores  can  be  fed  directly  from  the  defect  re¬ 
moving  machine  to  the  planer. 

A  case  study  of  a  number  of  plugged  panels 
shows  rather  conclusively  what  can  be  ac¬ 
complished  to  reduce  waste,  increase  produc¬ 
tion  and  cut  manufacturing  costs.  The  panels 
were  22  inches  by  24  inches  by  1-3/4  inches  in 
the  rough.  The  average  number  of  defects  re¬ 
moved  was  13. 

The  area  in  this  size  panel  is  528  square 
inches.  The  combined  area  of  the  defects,  if 
removed  by  saw  cutting,  is  approximately  150 
square  inches  or  28  percent  of  the  total  area 
of  the  panel.  Therefore,  for  every  100  panels 
produced  using  the  saw  cutting  principle  of 
removing  defects,  125  panels  could  be  made 
from  the  same  quantity  of  stock.  However, 
this  will  vary  with  the  grade  of  stock  used  and 
the  final  end  use  of  the  core. 

You  will  note  that  reference  is  made  to  in¬ 
terior  trim  for  either  natural  or  paint  finish 
and  to  exterior  trim  and  drop  siding.  Plugging 
is  not  presently  being  used  for  such  application 
and  here  is  where  a  tremendous  ammount  of 
opportunity  for  conservation  lies. 

The  plugging  of  tens  of  thousands  of  cores 
conclusively  proves  that  the  method  is  absolutely 
practical  where  veneers  of  l/lOth  thickness  are 
employed  on  top  and  bottom  and  a  l/28th  cross. 
However,  considerable  further  experimentation 
and  research  is  necessary  to  ascertain  the  com¬ 
plete  practicability  of  production  plugging  where 
veneers  of  l/28th  inch  thickness  are  used  through¬ 
out.  The  tests  conducted  to  date  in  atmospheric 
and  climatic  controlled  test  rooms  show  very 
definite  promise  of  the  future  success  of  plugging 
in  those  cases  where  very  thin  veneers  are 
employed. 

In  addition  to  core  stock  for  furniture  manu¬ 
facture,  other  applications  for  plugging  would  be 
interior  framing  having  unexposed  surfaces,  in¬ 
terior  trim  with  exposed  surfaces  in  either  natural 
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or  paint  finish;  solid  cores  for  flush  doors; 
sash  parts,  sub-flooring,  shiplap,  as  well  as 
exterior  trim,  drop  siding,  etc. 

CONCLUSION 

In  conclusion,  the  following  summation  is 
made:  (1)  Plugging  makes  possible  the  con¬ 
servation  of  lumber  through  the  elimination 
of  waste,  (2)  Plugging  makes  possible  a  sub¬ 
stantial  saving  in  labor  cost;  conserves  floor 
space  and  reduces  machinery  requirements, 

(3)  Plugging  makes  possible  the  upgrading  of 
lumber  for  exterior  and  exterior  applications, 

(4)  Plugging  makes  possible  the  use  of  lower 
grade  lumber  for  cores. 

In  recognition  of  the  foregoing  benefits  to  be 
derived  from  plugging,  it  appears  as  though 
concerted  effort  on  the  part  of  all  who  are  re- 
manufacturers  of  lumber  to  bring  pressure  to 
bear  on  your  various  associations  to  have  a 
plugged  lumber  grade  established  is  in  order; 
also  that  the  principle  of  plugging  merits  keen 
consideration  for  use  on  applications  where  a 
plugged  lumber  grade  is  not  required.  This 
would  be  a  service  to  your  country,  to  your 
customers  and  to  yourselves. 

DISCUSSION 

MR.  STEVENS,  Eggers  Plywood:  On  that 
core  of  22  by  22  inches  with  an  average  of  13 
defects,  didn't  they  make  any  attempt  to  cross¬ 
cut  out  some  of  the  defects  ?  That  seems  to  me 
a  high  percent  of  plugging  for  just  a  small  board. 

MR.  HEID:  I  think  that  your  question  is  very 
well  put  and  I  will  try  to  explain  the  test  that 
was  made.  Our  cores  were  checked  by  a  rather 
unusual  procedure  which  is  followed  in  that  par¬ 
ticular  plant.  They  used  core  stock  that  was 
approximately  5  to  5-1/2  inches  in  width.  They 
have  not  attempted  to  use  the  principal  of  ripping 
out  the  defect,  depending  entirely  on  cross¬ 
cutting.  As  a  consequence,  the  area  lost  in 
that  particular  operation  was  greater  than  that 
which  would  be  encountered  where  the  pieces 
have  been  ripped  to  a  smaller  size  and  the  de¬ 
fects  cut  out  in  that  manner.  It  is  logical  to 
assume  as  1  tried  to  point  out,  that  your  saving 
is  going  to  vary  greatly  depending  upon  the  plant 
operations  and  the  end  use  of  the  product.  1 
think  that  an  over -all  conservative  percentage 
of  saving  now  would  be  somewhere  in  the 
neighborhood  of  15  percent.  Does  that  answer 
your  question,  sir  ? 

MR.  STEVENS:  I  saw  that  machine;  and  for 
use  in  a  smaller  plant  I  asked  the  operator  at 
that  time  what  it  cost.  He  didn't  know.  To 
me,  it  seems  a  pretty  big  machine  for  a  small 
plant.  Small  plants  could  probably  afford  to  pay 
for  higher  grade  of  lumber  and  get  fewer  defects 


without  that  plugging  machine  because  you  will 
need  an  operator  to  feed  that  machine,  and  that 
is  an  operation  that  goes  on  all  the  time. 

MR.  HEID:  I  can  appreciate  that  point  also, 
We  are  saving  labor.  If  the  amortization  of 
that  particular  piece  of  equipment  can  be  brought 
about  within  a  three  year  period  it  is  very  de¬ 
sirable,  of  course.  However,  it  sometimes  has 
to  be  amortized  over  a  longer  period.  The  total 
results  of  the  saving  of  material,  plus  the  saving 
of  machinery  does  much  to  bring  about  the  total 
saving  to  offset  the  cost. 

1  would  like  to  propose  a  question  myself. 

What  about  the  direction  of  grain?  Is  it  de¬ 
sirable  that  the  grain  line  of  the  plug  generally 
follow  parallel  to  the  grain  line  of  the  stock? 

It  is  desirable  that  the  grain  line  of  the  plug 
follow  the  grain  line  of  the  stock  as  close  as 
possible.  Not  that  it  has,  or  will  have,  any 
effect  on  the  end-life  or  the  performance  of 
the  plug,  but  to  facilitate  the  subsequent  ma¬ 
chine  operations.  Experience  has  indicated 
that  the  grain  variation  from  10  to  15  degrees 
is  permissible. 

MR.  JOHN  RENO,  Pacific  Lumber;  Most 
species  are  made  of  mixed  grain;  they  may 
oe  quarter  sawn,  plain  sawn  and  some  with 
grain  at  45°.  Is  it  necessary  to  see  that  you 
get  a  quarter  sawn  plug  in  a  quarter  sawn  piece, 
a  plain  saw  plug  in  a  plain  sawn  piece,  bearing 
''in  mind  there  is  an  average  of  about  50  percent 
difference  in  expansion  and  contraction? 

MR.  HEID:  1  think  that  if  the  moisture  con¬ 
tent  of  the  plug  and  the  moisture  content  of  the 
stock  being  plugged  is  closely  controlled  and 
the  stock  properly  dried  and  the  veneers  used 
are  relatively  heavy  veneers  that  it  shouldn't 
pose  too  much  of  a  problem.  However,  I  can't 
definitely  answer  that  question  without  further 
tests  being  made. 

MR.  BONSER,  Harnischefeger  Corp. :  Is  the 
paint  failure  such  as  you  will  find  in  painting  of 
knots  less  likely  to  occur  in  plugged  wood  doors 
for  exterior  use  ? 

MR.  HEID:  I  would  say  yes,  based  upon 
the  number  test  samples  that  we  have  had 
exposed  to  the  elements  for  a  period  of  about 
eight  months.  If  your  plug  is  properly  set 
in  and  you  use  good  paint  that  plug  should 
hardly  be  evident  even  after  a  long  period  of 
time.  You  must  use  the  right  glues. 
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Proper  Use  of  Chisels  and  Bits 
in  Mortising  and  Boring  Equipment 

A.  H.  HAWKINSON,  Greenlee  Tool  Company,  Rockford,  Ill. 


IN  THE  MANUFACTURE  of  finished  products 
out  of  wood,  it  is  necessary  to  bore,  counter¬ 
bore,  mortise  and  rout.  In  certain  types  of 
construction,  dowel  pins  are  used  for  joints  and 
it  becomes  necessary  to  bore  holes  accurately 
for  inserting  the  dowel  pins.  To  perform  this 
operation,  different  types  of  boring  machines 
are  made  and  in  the  boring  spindles  a  variety 
of  sizes  and  types  of  tools  are  needed. 

It  seems  like  a  simple  matter  to  bore  a  hole, 
put  a  little  glue  on  the  dowel  pin,  and  make  a 
joint,  but  it  is  not  as  simple  as  this.  First  of 
all  the  mill  foreman,  when  making  out  his 
requisition  for  tools,  must  know  the  shank 
specifications.  Some  machines  require  screw 
shanks,  others  round  shanks,  and  some  taper 
shanks.  There  are  in  general  use  two  sizes 
of  threaded  shanks,  the  most  popular  being 
7/l6-inch  diameter  by  No.  14  thread.  Some 
machines  require  5/l6-inch  by  No.  20  thread. 
Specifications  must  be  correct  as  to  which  one 
is  wanted.  Round  shanks  are  generally  1/2 
inch  in  diameter  and  held  in  the  machines  with 
set  screws.  When  ordering  the  occasional 
tapered  shanks,  complete  specifications  or 
samples  are  required  by  the  manufacturer. 

Then  the  question  of  diameter  comes  up  and 
must  be  decided.  The  most  popular  sizes  are 
7/16  inch  and  3/8  inch.  Sometimes  the  dowel 
pins  vary  as  to  size.  It  is  generally  good  practice 
for  the  foreman  to  have  available  a  micrometer 
to  determine  whether  or  not  the  dowel  pins  he 
receives  are  accurate  as  to  size.  The  high 
grade  manufacturers  of  dowel  pin  boring  bits 
grind  these  to  diameters  within  two  thousandths 
which  is  close  enough  for  dowel  pin  construction. 
It  is  a  known  fact  proven  by  tests  of  the  Forest 
Products  Laboratory  that  even  shortly  after 
boring  a  hole  in  wood,  the  hole  becomes  oval 
due  to  shrinkage.  You  will  also  find  that  dowel 
pins  are  also  oval,  and  more  so  if  not  properly 
seasoned.  To  overcome  this  difficulty  of  varying 
size  dowel  pins,  there  has  been  some  research 
work  done  on  compressed  dowel  pins,  which  when 
they  contact  moisture  of  glue,  expand  to  original 
diameters  and  hold  securely.  Some  research 
work  has  also  been  done  along  with  the  compres¬ 
sed  dowel  to  bore  a  hole  enlarged  at  the  bottom, 
allowing  the  compressed  dowel  to  expand  into  the 
flaired  hole,  making  a  joint  that  has  no  chance 
of  coming  apart. 

The  big  problem  that  persists  is  to  bore  holes 
that  fit  the  dowel  pins  properly.  The  manufac¬ 
turers  list  in  their  catalogs  the  sizes  they  regu¬ 
larly  carry  in  stock  so  that  the  supervisor  of  the 


woodworking  plant  should  see  to  it  that  they 
secure  dowel  pins  properly  seasoned  and  with 
correct  diameters.  If  the  tool  manufacturer 
has  to  grind  down  a  few  bits  to  fit  special 
dowel  pins,  it  is  a  costly  proposition  because 
the  setup  of  a  grinder  is  involved  against  a 
few  special  tools. 

After  the  foreman  determines  the  size  of 
bits  that  he  requires,  he  must  now  decide  what 
type  the  machine  operator  prefers  and  is  most 
suitable  for  their  production  line.  Bits  can 
be  furnished  with  single  or  double  screw  points, 
brad  points;  or  drills  can  be  supplied  with  brad 
points,  or  a  tapered  head. 

Some  machine  operators  desire  dowel  boring 
bits  with  screw  points  that  will  help  feed  the 
tool  into  the  wood.  Years  ago  the  most  popular 
one  was  the  double  screw  point  and  as  these 
were  generally  made  fairly  small  in  size  and 
with  a  shallow  thread,  they  had  less  tendency 
towards  splitting  the  wood.  They  did  not  have 
the  pulling  power  of  the  single  screw  point  so 
that  a  good  many  operators  now  ask  for  single 
screw  point  which,  when  made  with  a  minimum 
amount  of  stock  left  in  the  base  of  the  point 
have  more  pulling  power  and  eliminate  the 
possibility  of  splitting  thin  stock.  When  orders 
are  made  out,  the  buyer  should  definitely  indi¬ 
cate  whether  he  wants  single  or  double  screw 
point.  The  single  screw  points  are  generally 
preferred  where  a  multiple  number  of  spindles 
are  used  at  one  time  such  as  when  boring  parlor 
frames  where  a  good  many  holes  are  required. 
As  a  rule  single  screw  points  are  used  for  end¬ 
boring.  Occasionally  in  very  hard  maple  or 
birch  some  operators  desire  what  is  known  as 
a  flat  cut  cutting  head  without  any  outlining 
spurs  but  with  side  lips.  These  generally  have 
to  be  made  special  as  they  are  not  in  general 
use.  Bits  that  do  not  have  outlining  spurs  bore 
easier  and  have  less  tendency  to  get  hot  in 
bone  dry  maple  or  birch.  Due  to  the  fact  that 
in  end-grain  boring  you  do  not  need  any  spurs 
for  cutting  off  the  fibers,  they  do  this  operation 
successfully. 

Bits  or  drills  having  brad  point  require  that 
the  operator  or  the  feeding  mechanism  of  the 
machine  apply  the  pressure  required  to  make 
the  bits  or  drills  feed  into  the  wood.  The  only 
advantage  of  drills  with  brad  point  is  the  fact 
that  the  cutting  diameter  is  maintained  more 
or  less  the  entire  length  of  the  twist  and  can 
be  sharpened  back  further  than  on  a  double 
cutter  bit  with  spurs  and  screw  point.  Taper 
head  drills  are  sometimes  used  for  end  and 
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cross -grain  boring.  Where  the  spindles  operate 
at  high  spindle  speeds  spurs  are  liable  to  burn. 
These  can  be  sharpened  by  grinding  whereas  bits 
require  filing.  Drills  can  be  sharpened  clear 
back  as  the  land  margin  on  the  edge  of  the  twist 
has  correct  diameters  for  practically  the  entire 
length  of  twist. 

Dowel  pins  are  used  in  door  construction  where 
high  speed  steel  right-and  left-hand  drills  are 
used  that  have  approximately  4-inch  twist,  about 
7-1/4  inches  over-all.  The  machines  in  which 
they  are  used  generally  have  right-  and  left  - 
hand  spindles  and  it  is  important  that  order 
specifications  show  which  is  required.  They 
come  in  1/2-inch  and  5/8-inch  diameters. 

In  wood  framing  and  timber  construction 
where  the  structure  is  bolted  together,  long 
bits  with  1/2 -inch  shanks  of  various  types  with 
double  twist,  solid  center  twist,  ship  auger 
twist,  and  screw  point,  brad  point  or  without 
points  are  in  general  use.  It  is  common  practice 
that  a  hole  l/l6-inch  diameter  larger  than  the 
bolt  size  is  bored. 

Timber  connectors  are  now  available  for  use 
when  bolting  two  timbers  together.  This  makes 
a  stronger  joint,  using  less  hardware  and  fewer 
number  of  holes.  Shear  plates  are  used  to  con¬ 
nect  wood  to  steel. 

For  pre-countersinking  on  any  bored  hole, 
bits  similar  to  the  machine  center  bit  or 
multi-spur  machine  bit  are  used  for  boring  for 
the  washers  and  bolt  heads,  and  then  the  small 
diameter  hole  is  bored  in  a  second  operation. 

If  holes  straight  as  possible  are  required,  it 
is  advisable  to  use  what  is  known  as  a  ship 
auger  without  screw  point  or  sometimes  termed 
barefoot  auger  with  ship  auger  twist.  This  bit 
will  bore  easy,  will  not  follow  the  grain  of  the 
wood,  and  on  real  deep  boring  the  bit  will  come 
out  easier  than  when  screw  points  are  used. 

It  is  also  desirable  at  times  to  bore  more  than 
one  diameter  of  hole  with  a  common  center  in 
one  operation.  For  screws,  bolts,  or  several 
diameter  objects,  countersinks  of  the  adjustable 
type  are  available  in  certain  sizes.  It  is  smart 
practice  by  the  designing  engineer  to  plan  so 
that  standard  countersinks  and  drills  can  be  used 
for  boring  the  holes.  When  odd  sizes  are  needed, 
they  have  to  be  made  to  order.  They  can  be 
made  with  various  types  of  leads  and  counters 
but  they  become  very  expensive  unless  a  fair 
quantity  is  ordered.  The  setup  charges  have 
to  be  applied  whether  you  buy  one  tool  or  two 
dozen. 

A  good  many  users  inquire  as,  to  how  to  sharpen 
bits  and  the  best  practice  is  to  use  fine  cut  files 
about  4  inches  to  6  inches  in  length  including  a 
square  file,  a  half  round,  and  a  flat.  It  is  best 


to  maintain  the  original  shape  of  the  tool  as 
received  from  the  manufacturer.  On  bit  de¬ 
signs  or  even  drills,  if  you  want  to  maintain 
correct  diameters,  do  not  do  any  filing  or 
grinding  on  the  outside  of  the  cutting  spurs  or 
side  lips.  If  you  do  you  will  lose  the  correct 
diameter  and  the  bit  will  probably  bind  in  the 
hole. 

Where  dowel  joints  are  not  used,  it  is  common 
practice  to  use  a  tenon  and  a  mortise.  Tenons 
are  cut  on  single  or  double  end  tenoners  to  a 
certain  width  and  thickness,  and  the  mortise 
to  conform  must  be  of  the  same  size.  A  good 
many  mortises  are  made  with  a  chain  but  some 
mortises  must  be  done  with  a  bit  and  chisel  in 
mortising  machines.  Hollow  chisels  are  made 
in  sizes  1/4  inch  to  1  inch  in  large  quantities  at 
the  present  time,  although  years  ago  they  were 
were  made  up  to  3  inches  square  for  wooden 
railway  car  fabrication  but  this  need,  of  course, 
has  disappeared. 

It  is  generally  advisable  when  buying  hollow 
chisels  and  bits  to  purchase  the  bits  and  chisels 
from  the  same  manufacturer  to  be  certain  that 
one  fits  the  other.  Chisel  manufacturers  have 
slight  variations  in  the  diameters  of  the  twist 
on  the  bits  as  well  as  the  hole  diameters  in  the 
chisels. 

When  operating  a  hollow  chisel  mortising 
machine,  it  is  very  important  that  the  bit  and 
chisel  be  set  in  the  machine  in  proper  relation 
to  each  other  to  avoid  the  bit  damaging  the 
chisel.  There  must  be  a  slight  space  between 
the  bit  and  the  chisel  at  the  cutting  edge  of  the 
chisel.  If  the  bit  is  up  too  far  in  the  chisel,  it 
will  create  heat  and  friction,  and  this  has  a 
tendency  to  crystallize  the  steel  at  this  point 
so  that  the  chisel  will  eventually  split. 

Sometimes  you  may  find  that  bits  and  chisels 
get  extremely  hot  a  short  distance  from  the 
cutting  edge  and  this  may  indicate  that  the  dia¬ 
meter  of  the  twist  does  not  properly  conform 
with  the  hole  diameter  in  the  chisel,  causing 
the  chips  to  pack  around  the  edge  of  the  twist 
instead  of  being  elevated.  Be  sure  to  check 
any  end  play  in  the  mortising  bit  spindle  which 
must  be  taken  in  consideration  when  setting 
the  bit  in  relation  to  the  cutting  edge  of  the 
chisel  because  when  the  bit  hits  hard  wood  this 
end  play  is  taken  out  and  must  be  allowed  for 
in  setting.  Chisels  and  bits  must  be  securely 
anchored  in  the  chisel  socket  and  the  bit  spindles 
so  they  do  not  slip  or  come  loose  because  if  the 
bit  quits  revolving  the  chisel  will  come  down 
upon  it,  and  it  is  going  to  split  the  chisel  and 
damage  the  bit. 
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When  making  a  mortise  with  1/4- inch,  5/l6- 
inch  and  3/8-inch  chisels,  I  would  recommend 
always  mortising  from  the  center  of  the  chisel 
and  avoid  partial  cuts.  If  you  will  watch  when 
mortising  with  these  sizes  of  chisels  in  hard 
wood  and  madce  a  partial  cut,  you  will  notice 
that  the  chisel  bends  towards  the  previous  mor¬ 
tise.  Remember  that  the  bit  is  revolving  on 
the  inside  and  is  also  being  bent.  This  is  a 
source  of  unnecessary  friction  on  the  side  walls 
of  the  chisel.  The  proper  thing  to  do  is  to, 
where  possible,  make  a  first  cut  complete 
square  and  then  if  you  have  a  wide  mortise  to 
make,  skip  about  two -thirds  of  the  width  of 
the  chisel,  make  another  mortise  and  then 
come  back  and  cut  the  stock  that  you  skipped. 

You  will  then  always  have  the  bit  running  in 
line  with  the  chisel  without  either  one  of  them 
bending. 

Chisels  are  available  with  one  opening  or  two 
openings.  The  two  openings  are  generally  better 
for  hard  wood  where  the  elevation  of  the  chips 
is  a  greater  problem.  Then  there  is  a  hard- 
wear  type  of  hollow  chisel  bit  made  with  a  brad 
point  and  this  design  of  cutting  edge  actually 
cuts  a  groove  into  the  wood  instead  of  wedging 
into  the 'stock.  These  should  last  longer  when 
wood  is  hard  maple  and  birch.  When  these  are 
sharpened,  you  file  the  spurs  on  top  on  a  slight 
angle  in  two  directions.  The  front  of  the  spur 
should  also  be  filed  on  a  slight  angle. 

Occasionally  it  is  desirable  to  cut  a  plug  cross 
grain  to  use  on  finished  surfaces  in  preference 
to  dowel  pins.  Plug  cutters  are  available  in 
sizes  1  inch  and  smaller  in  a  tubular  one  piece 
tool  in  which  the  plus  work  up  through  the  inside, 
being  ejected  through  the  side  opening.  On 
sizes  1-1/8  inches  and  larger  a  spring  ejector 
is  used  which  leaves  the  plug  on  the  boring 
machine  table.  These  plug  cutters  should  not 
be  operated  at  too  fast  a  spindle  speed. 

Whenever  you  are  boring  holes  with  bits, 
drills,  or  plug  cutters,  and  they  begin  to  get 
hot  and  burn,  it  would  indicate  that  the  spindle 
speed  is  too  fast.  Boring  machines  are  generally 
made  with  a  fixed  spindle  speed,  either  1,800 
or  3,600  rpm.  In  case  the  spindle  speed  would 
be  correct  for  1-inch  diameter  tool,  when  you 
get  to  a  2  -inch  diameter,  you  of  course  have 
considerably  higher  rim  speed  than  you  have  on 
the  1-inch  bit.  I  am  not  in  position  to  give  you 
any  chart  that  determines  spindle  speeds  correct 
for  any  size  and  type  of  bit  due  to  the  fact  that 
there  are  so  many  different  kinds  of  wood, 
different  kinds  of  tools,  and  the  best  recom¬ 
mendation  I  can  give  you  is  that  when  bits 
begin  to  burn,  slow  down  the  spindle  speed. 


One  of  the  problems  in  a  woodworking  plant 
that  uses  wood  screws  is  for  the  men  who 
operate  the  boring  machines  to  pre -determine 
the  right  size  holes  to  bore  and  counterbore  for 
wood  screws.  A  boring  chart  for  wood  screws 
is  available  at  no  charge  that  gives  you  the 
average  diameters  of  wood  screws  as  far  as 
the  head,  shank,  and  the  root  diameters  are 
concerned. 

Our  type  No.  174  and  No.  174- A  is  a  taper 
pointed  drill  which  bores  a  tapered  hole  for 
the  threaded  portion  of  the  wood  screws.  This 
makes  a  much  stronger  joint  due  to  the  fact 
that  threads  on  the  screws  are  holding  on  its 
entire  length  whereas  on  the  straight  hole  the 
tapered  end  of  the  screw  is  not  anchored  in 
the  wood. 

Router  bits  are  used  for  cutting  straight  and 
irregular  grooves  in  different  widths,  either 
moving  the  piece  under  a  stationary  routing 
spindle  or  the  spindle  oscillating  the  width  of 
the  mortise.  Again  these  tools  are  made  with 
different  diameters  of  shanks,  the  smaller  ones 
single  flute,  the  larger  ones  double  flute,  both 
of  alloy  and  high  speed  steel.  Selection  depends 
upon  the  operation  to  be  performed.  It  is  good 
practice  to  design  your  product  so  that  standard 
diameters  and  types  can  be  used.  The  router 
bit  manufacturers  show  in  their  catalogs  types 
and  sizes  considered  stock  items. 


NO.  120-H  HARD-W3AK  HOLLOW  CII1S:£L  BIT.  Raoonmeiidsd  for 
working  In  extremely  bard  wood.  Heavy  body  of  metal  in 
spurs  permits  heaL  to  be  carried  off,  eliminating  loss  of 
hardness.  Brad  point  assists  in  centering  and  prevents  bit 
from  crowding  against  side  of  hollow  chisel  when  difficult 
mortising  work  is  being  handled. 


NO.  153  xLAT-CUT  HACKlNii  BIT.  Used  in  end -grain  boring, 
this  bool  does  not  have  outlining  spurs  since  there  are 
no  cross  fleers  to  out. 


I 
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NO.  157  3IiI?-AU02.(  liACHxNE  BIT  .;ITH  SCilEW.  The  single- 
twist  or  s jlrel  with  single  cutter  makes  a  stiff  strong 
tool,  yet  provides  the  most  ample  chip  clearance.  Par¬ 
ticularly  suited  for  boring  to  extreme  uepchs  and  is 
well  adapted  for  use  in  portable  boring  loachines  for  all 
consbruction  work. 


NC.  192  ADJUSTABLE  OOUNTEitSINlI  JUTTER  has  exber.tion-lip 
pabberu  on  counter  for  drilling  flat-bottom  holes.  Counter 
is  aojusbable  on  lead  drill  anu  Is  held  in  place  by  a  set¬ 
screw. 


NO.  101-H  KAHD-WiSAR  HOLLOW  CHISEL.  TVro  openings  are 
provided  for  quick  chip  relief.  One  close  to  the  cutting 
edge,  the  other  on  the  opposite  side  of  the  blade,  tovrard 
the  shank.  The  openings  overlap  each  other,  eliminating 
the  danger  of  burning  and  clogging.  Recommended  for  work 
in  extremely  bard  wood. 
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The  Application  of  Scientific  Thinking 
to  Logging  Operations 

WILLIAM  E.  RAND,  Assistant  Director,  Stanford 
Research  Institute,  Stanford,  Calif, 


I  WANT  to  offer  a  few  ideas  that  various 
engineers  and  scientists  at  Stanford  Re¬ 
search  Institute  have  gathered  in  their  work 
with  the  lumbering  industry.  The  ideas  range 
from  some  fairly  important  and  fundamental 
suggestions  to  others  that  amount  to  little 
more  than  gadgeteering.  All  of  them  together 
will  provide  you  with  a  representative  idea  of 
the  impressions  that  an  outsider  who  is  in¬ 
terested  in  engineering  and  technology  retains 
after  studying  various  logging  operations. 

APPLICATION  OF  SURVEY 
TECHNIQUES 

One  of  the  least  obvious  aspects  of  the  prob¬ 
lems  of  the  lumbering  industry  is  the  fact  that 
the  logging  operations  are  susceptible  to  the 
industrial  engineering  approach  which  has  been 
so  commonly  used  in  various  manufacturing 
enterprises.  Logging  operations  are  a  "ma¬ 
terials  handling"  enterprise  on  a  gigantic  scale. 
The  problems  involved  bear  a  fundamental 
relationship  to  the  problems  involved  in  various 
manufacturing  and  warehousing  operations. 

Each  phase  of  the  whole  lumbering  operation 
represents  the  accumulated  experience  of  ge¬ 
nerations  of  experts.  The  exact  best  method 
to  fell  a  tree  is  something  that  cannot  be  learned 
from  a  book  nor  picked  up  from  a  brief  study  or 
observation.  It  must  be  learned  through  actual 
doing  over  a  period  of  years.  Informal  ap¬ 
prenticeships  are  the  rule  in  almost  all  of  the 
phases  of  logging. 

The  integration  of  all  of  the  individual  skills 
and  know-how  of  a  logging  operation  into  a 
smooth-working ,  efficient  production  unit  is 
the  responsibility  of  the  management.  In  many 
cases  the  resulting  operation  is  a  smooth¬ 
running  one  that  meets  all  of  the  objectives  of 
an  economic  enterprise.  In  many  other  cases 
the  management  is  so  preoccupied  with  the  pro¬ 
blem  of  getting  logs  to  the  mill  that  many  in¬ 
efficiencies  and  poor  practices  are  tolerated, 
either  through  lack  of  time  to  cope  with  them 
or  sometimes  from  the  fact  that  the  short¬ 
comings  are  not  even  realized. 

For  this  reason  the  logging  operations  appear 
to  be  peculiarly  susceptible  to  the  organized 
survey  approach,  wherein  logging  experts 
working  in  close  partnership  with  mechanical 
engineers,  electrical  engineers,  schedule  and 
planning  experts,  chemists,  and  so  forth,  can 


assess  each  function  in  its  relationship  to  the 
entire  operation  and  determine  where  improve¬ 
ments  may  be  made  either  in  individual  opera¬ 
tions  or  in  their  relationship  to  the  whole  struc¬ 
ture. 

FALLING  AND  BUCKING 

Many  logs  are  incorrectly  cut  or  scrapped 
because  unsuspected  internal  rot  is  discovered 
after  cutting.  A  means  of  locating  internal  rot 
or  defective  heartwood  would  result  in  more 
efficient  use  of  logs.  Just  as  one  who  knows 
how  can  estimate  the  internal  condition  of  a 
watermelon  by  tapping  it,  so  it  should  be  pos¬ 
sible  to  develop  a  device  using  ultrasonic  or 
other  means  which  could  determine  the  extent 
of  internal  rot  of  a  log  either  before  the  tree 
is  felled  or  after  it  has  been  cut.  Similar 
devices  are  used  for  the  location  of  defects 
in  metal  parts  and  concrete  beams,  and  the 
proper  application  of  known  principles  should 
make  it  possible  to  develop  a  suitable  device 
for  the  logging  industry. 

A  simple  gadget  which  should  prove  useful 
in  the  woods  would  be  a  scale  computer  or  slide 
rule  which  would  enable  one  to  convert  log 
diameter  and  log  length  directly  into  board 
foot  volume.  Such  a  computer  could  also  carry 
a  scale  for  the  weight  of  the  log  and  thus  make 
it  possible  to  indicate  whether  the  log  was  a 
floater  or  a  sinker. 

Conversations  with  logging  operators,  timber 
cruisers  and  members  of  the  California  and 
the  U.  S.  Forest  Services  indicate  that  the 
development  of  an  optical  cruising  timber  vol¬ 
ume  computer  would  provide  a  more  accurate 
and  efficient  means  of  taking  inventory  of  the 
standing  timber  in  our  forest  areas.  The  pre¬ 
sent  method  of  determining  the  scale  volume 
in  a  standing  tree  is  rather  crude  and  not  en¬ 
tirely  accurate,  and  requires  much  experience 
and  skill  on  the  part  of  the  cruiser.  The  de¬ 
velopment  of  an  optical  measuring  and  com¬ 
puting  device  would  encounter  a  number  of 
obstacles,  not  the  least  of  which  would  be  that 
it  must  permit  measurements  to  be  taken  in 
dark  and  heavily  wooded  areas.  However, 
there  appear  to  be  no  insurmountable  obstacles 
should  the  lumbering  industry  feel  that  such  a 
device  would  be  of  value  to  them. 


APPLICATION  OF  SCIENTIFIC  THINKING  TO  LOGGING  OPERATIONS 


YARDING 

In  many  yards  verbal  communication  is  al¬ 
most  impossible  due  to  the  noise  of  Diesel 
engines  operating  under  load.  In  high-lead 
operations  where  the  head  rigger's  signals 
are  relayed  to  the  donkey  engine  operator  by 
whistle,  there  is  often  a  considerable  time 
lag  between  the  head  rigger's  signals  for  the 
next  movement  of  the  line  and  the  execution  of 
the  order.  In  most  cases  it  appears  that  the 
whistle  punk  did  not  understand  the  signals 
clearly.  To  speed  up  the  signaling  itself  and 
reduce  the  possibility  of  error  in  relaying  the 
foreman's  order,  it  should  be  possible  to  use 
a  miniature  portable  radio  relay  system.  A 
very  small  transmitter  not  much  larger  than 
a  cigarette  case  could  be  carried  by  the  line 
foreman  which  would  transmit  signals  directly 
to  the  electric  whistle  mounted  on  the  yarding 
engine . 

Where  it  is  necessary  to  blast  an  opening 
under  a  log  in  order  that  a  choker  may  be 
passed  under  the  log,  it  is  customary  to  use 
a  small  charge  of  regular  dynamite.  Most  of 
you  are  probably  familiar  with  the  "Monroe 
Effect"  of  a  shaped  explosive  charge.  The 
most  spectacular  use  of  the  shaped  charge  has 
been  in  the  military  field  where  bazooka  rockets 
and  other  types  of  rockets  have  achieved  tre¬ 
mendous  penetrating  power  because  of  the 
Monroe  Effect.  Possibly  small  shaped  charges 
could  be  used  to  blast  holes  under  fallen  logs. 
The  hazard  of  flying  rocks  and  debris  would  be 
considerably  lessened  with  the  use  of  this  type 
of  charge,  a  lighter  explosive  charge  would 
be  needed  than  is  now  required,  and  there  would 
be  less  chance  of  damaging  the  log  itself, 

TRUCKING 

Some*  of  you  may  be  familiar  with  the  words 
to  Leonard  Bernstein's  composition,  "Air 
Force  Symphony  ,  "  which  go  something  like 
this:  "In  the  Air  Force  it's  hurry  up,  hurry 
up,  hurry  up,  hurry  up,  hurry  up,  hurry  up 

- and  wait.  "  Somewhat  the  same  condition 

may  exist  in  lumbering  operations  where  an 
empty  truck  will  go  hell-for -leather  back  to 
a  landing  and  then  wait  in  line  for  some  time 
while  other  trucks  in  line  are  loaded.  This 
appears  to  be  a  fertile  field  for  careful  study 
of  schedules  and  plans  in  order  that  bottlenecks 
of  this  nature  be  kept  to  a  minimum.  Com¬ 
munications  by  short  wave  radio  could  possibly 
assist  in  this  problem.  Development  of  a 
pre-loading  device  or  rack  at  the  loading  point 
could  possibly  cut  down  the  amount  of  time 
necessary  to  load  a  truck. 

In  considering  the  condition  and  maintenance 
of  trucks  there  are  a  number  of  points  that  could 
well  afford  some  mechanical  engineering  at¬ 


tention.  The  present  high  wear  on  both  trans¬ 
missions  and  tires  might  be  reduced  if  -trucks 
were  equipped  with  built-in  weight  indicators 
so  that  loads  could  be  distributed  more  uniformly 
than  they  are  at  present.  The  development  of 
a  retarding  device  to  supplement  brakes  on 
both  trucks  and  trailers  should  increase  the 
life  of  the  present  brakes  and  drums  and  provide 
an  added  factor  of  safety  in  trucking  operations. 
There  are  undoubtedly  many  other  points  in 
trucking  operation  and  maintenance  that  could 
be  strengthened  depending  upon  the  problems 
and  capabilities  of  the  particular  organization 
concerned. 

ROADS 

It  goes  without  saying  that  a  main  logging 
road  must  be  built  soundly  from  the  foundation 
up.  The  main  problem  seems  to  be  to  deter¬ 
mine  the  best  way  of  keeping  the  surface  of  the 
road  in  prime  condition.  Practices  at  present 
include  annual  sprayings  with  oil,  frequent 
sprayings  with  water,  or  application  of  a 
permanent  or  semi -permanent  black  top.  Two 
other  possibilities  that  suggest  themselves  are 
the  use  of  bisulfite  paper  mill  waste  liquor  as 
a  binding  material  and  methods  developed  during 
the  last  war  for  airport  use  wherein  the  top  inch 
or  so  of  the  surface  is  mixed  with  a  binder  and 
recoated  on  the  surface.  I  should  like  to  see 
some  large  lumber  company  or  lumber  associa¬ 
tion  establish  test  strips  of  five  or  six  different 
^methods  of  surfacing  on  a  regular  main  logging 
road  so  that  the  merits  of  the  various  surfacing 
methods  might  be  better  appreciated. 

On  tributary  and  access  roads  it  is  possible 
that  portable  metal  landing  mats  such  as  were 
used  on  temporary  airfields  during  the  war 
might  be  of  some  value. 

FIREFIGHTING 

Although  fighting  of  forest  fires  is  not  part  of 
a  regular  logging  operation  it  is  certainly  an 
aspect  of  logging  which  must  always  be  faced 
when  the  emergency  arises.  The  techniques 
of  fighting  forest  fires  are  well  developed,  and 
I  doubt  if  there  is  much  to  be  gained  from  trying 
to  adapt  knowledge  that  has  been  gleaned  in 
other  fields.  However,  one  of  the  perennial 
problems  in  forest  fire  fighting  appears  to  be 
that  of  communications.  Here  I  feel  that  the 
miniature  portable  radio  could  be  made  to  play 
a  very  important  role.  I  think  most  of  us  are 
apt  to  think  of  a  radio  transmission  station  as 
being  something  possibly  as  big  as  KGO  but 
certainly  no  smaller  than  the  rather  cumbersome 
walkie-talkie  sets  which  were  used  during  the 
last  war. 

1  would  like  to  conclude  with  a  demonstration 
of  how  far  we  have  gone  in  the  last  lew  years 
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in  the  development  of  miniature  radio  trans¬ 
mitters  and  receivers.  I  hold  in  my  hand  a 
complete  radio  transmitting  station,  designed 
by  Dr.  Cledo  Brunetti  of  the  SRI  staff.  This 
could  be  larger  if  greater  range  and  capacity 
were  desired  or  could  be  made  smaller,  even 
as  small  as  a  cigarette  case  or  a  watch  or  lip¬ 
stick.  Over  there  I  have  an  ordinary  portable 
radio  that  is  being  used  as  a  receiver.  There 
is  no  reason  why  this  receiver  could  not  be  as 
small  or  smaller  than  an  ordinary  hearing  aid. 

I  am  now  broadcasting  on  a  wave  length  of 
6.625  megacycles.  If  that  receiver  were  in 
the  next  room  and  there  was  a  fellow  in  there 
with  a  fire  extinguisher  and  if  we  were  to  have 
a  fire  in  here  now,  I  could  get  him  in  here  a 
lot  quicker  using  this  than  I  could  by  running 
after  him  or  by  calling  on  the  telephone.  I 
think  the  same  principle  could  be  made  to  apply 
to  the  fighting  of  fires  in  our  forests. 

MILL  OPERATIONS 

It  is  obvious  that  the  same  approach  to  each 
individual  process  in  the  saw  mill  will  yield 
possibilities  for  improvement  in  operation  or 
reduction  in  cost.  Mill  operations  where  the 
Stanford  Research  Institute  has  already  carried 
out  research  include  the  utilization  of  sawdust 
through  fluidized  carbonization  to  produce  char¬ 
coal  and  by-product  chemicals  and  studies  in 
reduced  air  pollution  due  to  waste  burning  by 
means  of  improved  burners  or  by-product  uti¬ 
lization  of  waste. 


I  am  not  an  expert  in  lumbering  affairs  and 
we  do  not  have  any  such  experts  on  the  staff 
of  the  Stamford  Research  Institute.  However, 
we  are  intensely  interested  in  lumbering  opera¬ 
tions  and  as  observers  have  suggestions  and 
questions  as  to  how  various  steps  might  be 
improved.  I  have  learned  that  the  outside  ob¬ 
server  cannot  pinpoint  the  problems  of  any 
industry  through  casual  observation.  The  best 
he  can  do  is  to  make  suggestions  that  may 
stimulate  thinking  and  mutual  discussion  leading 
to  ultimate  improvement.  If  any  of  the  sugges¬ 
tions  in  this  talk  raise  any  questions  in  your 
mind  or  make  you  feel  that  some  of  the  phases 
should  be  further  investigated,  I  shall  feel  that 
I  have  not  wasted  your  time. 


On  Job  and  Related  Training 
in  the  Woodworking  Shop 

J.  G.  ENNIS,  Manager,  L.  and  E.  Emanuel,  Inc.,  San  Francisco,  Calif. 


The  end  product  of  the  woodworking 
shop  depends  primarily  upon  the  manipu¬ 
lative  and  related  skills  of  its  personnel.  At 
one  time,  training  in  manipulative  skills  serv¬ 
ed  the  purpose.  The  accelerated  introduction 
into  the  woodworking  shop  of  new  products 
and  processes  and  the  relative  increase  in 
wages  has  made  it  necessary  that  related 
training,  that  is  the  "know-why,  "  be  under¬ 
taken. 

The  manipulative  and  related  training  is 
given  by  journeymen  mechanics.  The  skills 
of  these  mechanics  is  essentially  manipula¬ 
tive,  there  having  been  no  related  training 
program  when  they  acquired  their  trade  skills. 
The  related  training  in  California  is  a  function 
of  the  public  schools  with  joint  committees  of 
employers  and  employees  acting  in  advisory 
capacities. 

The  journeymen  teachers  need  teaching 
tools.  Broadly  speaking,  they  are  nonexistent 
for  related  training  and  but  few  for  manipula¬ 
tive  training.  An  analysis  of  the  errors  made 
on  the  jobs  clearly  shows  the  failure  to  "know . 
why,"  or  related  training,  as  the  principal 
contributing  factor.  One  missing  teaching 
tool  is  willingness  of  employers  to  disclose 
the  errors  on  jobs  for  analysis  in  the  related 
instruction  classroom,  where  corrective 
measures  can  be  undertaken  on  a  mass  basis. 
The  manufacturer  has  produced  innumerable 
sales  manuals  but  has  neglected  the  needs  of 
the  worker  that  processes  the  material  or 
uses  the  tools  after  having  been  sold. 

Take  the  case  of  the  moulderman  or  sticker - 
hand,  who  is  in  the  high  pay  bracket.  In  one 
instance,  17  journeymen  wanted  instructions 
on  the  moulder  on  their  own  time  at  evening 
classes.  There  was  an  abundance  of  sales 
literature  on  the  moulder  but  no  book  or  vi¬ 
sual  aids  suitable  for  training  purposes  avail¬ 
able  to  the  instructor. 

While  on  tli«  subject  of  the  moulder,  a  re¬ 
cent  labor  negotiation,  having  bogged  down, 
resort  was  had  to  the  arbitration  saving  clause. 
In  making  their  case  before  the  arbitrator, 
this  particular  labor  group  among  other  things 
introduced  the  purported  unusual  hazards  of 
the  mill-cabinet  trade  as  warranting  the  wages 
they  were  demanding.  A  stickerhand  offered- 
as  evidence  a  broken  knife,  bolts  and  nuts. 

The  man  was  sincere  and  generally  recognized 
as  a  good  stickerhand. 


Upon  being  questioned  by  one  of  the  employers, 
he  admitted  that  it  was  not  uncommon  to  extend 
the  length  of  the  wrench  by  slipping  pipe  over 
the  handle  of  the  wrench.  He  also  admitted 
that  in  the  case  of  the  broken  knife,  the  end  of 
the  slotted  knife  had  not  been  ground  off  so  as 
to  clear  the  fillet  under  the  lip  on  the  square 
head.  It  is  one  thing  to  teach  a  prohibitive 
measure  and  quite  another  to  demonstrate  "the 
why.  " 

I  am  quite  certain  that  if  this  man  had  been 
instructed  in  the  law  of  levers  as  applied  to  his 
job  he  would  not  have  broken  the  bolt  or  the 
knife.  Take  the  glue  room.  There  was  a  time 
that  you  could  spit  in  the  glue  pot  and  nothing 
happened.  The  glue  room  was  a  place  where 
we  weren't  supposed  to  be  smart.  This  condi¬ 
tion  no  longer  obtains.  The  glue  room  can  make 
or  break  the  shop.  I  can't  say  there  is  no  avail¬ 
able  authoritative  books  on  the  subject.  There 
are,  however,  no  visual  aids  on  adhesives  for 
related  mass  education. 

If  the  manufacturers  make  a  good  product  and 
we  through  ignorance  fail  to  properly  use  or 
process,  then  the  manufacturers  are  joined  with 
'ourselves  in  excessive  cost  and  loss  of  good  will. 

I  again  point  out  we  need  help  from  the  manu¬ 
facturers.  Before  bringing  the  subject  of  ap¬ 
prenticeship  to  a  close,  I  wish  to  touch  on  the 
employing  of  the  so-called  handicapped.  In¬ 
stinctively  or  coyote -like,  I  was  opposed  to 
the  handicapped,  having  failed  to  recognize 
that  my  own  bald  head,  eyeglasses  and  store 
teeth  could  be  classed  as  handicaps.  The  Ve¬ 
terans  Administration  asked  that  I  try  at  least 
one  handicapped  G.  I.  as  an  apprentice.  In  a 
short  time,  the  trial  showed  such  satisfactory 
results  that  1  established  a  25  percent  ratio. 

The  handicapped  expected  no  special  considera¬ 
tion  and  received  none  other  than  some  adjust¬ 
ment  of  machines,  as  running  the  belt  sander  in 
the  opposite  direction  to  accommodate  the  loss 
of  a  hand. 
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Some  Practical  Applications  of 
Wood  Chemistry  Research 

ARTHUR  B.  ANDERSON,  Forest  Products  Laboratory, 
University  of  California,  Berkeley,  Calif. 


SINCE  wood  chemistry  is  a  newly  created 
.  research  division  here  on  the  Berkelev 
campus,  I  have  been  asked  from  time  to  time, 
since  my  arrival  last  May--just  what  does  a 
wood  chemist  do- -and  can  he  contribute  anything 
of  value  to  the  field  of  forestry  and  forest  pro¬ 
ducts  ?  With  this  thought  in  mind,  I  should  like 
to  mention,  briefly,  some  of  the  functions  and 
accomplishments  of  the  chemist  in  the  field  of 
forest  products  research. 

Chemistry,  as  you  know,  is  a  science  which 
deals  with  the  composition  of  substances  and 
of  the  transformations  which  they  undergo.  The 
wood  chemist,  therefore,  deals  with  the  com¬ 
position  of  trees  to  determine  the  nature  of 
its  architectural  building  blocks,  including  wood, 
bark,  and  leaves.  Not  only  that,  but  after  he 
finds  out  what  is  present,  he  may  be  concerned 
with  how  to  convert  wood  per  se,  or  one  or 
more  of  its  entities  into  something  useful  for 
the  benefit  of  the  forest  industries. 

From  the  chemical  point  of  view,  wood  con¬ 
tains  four  chemical  entities  or  building  blocks, 

(1)  cellulose,  (2)  lignin,  (3)  hemicellulose, 
and  (4)  extractives.  Irrespective  of  the  type 
of  wood,  whether  soft  or  hard,  these  four  types 
of  substances  are  present,  the  proportion  gen¬ 
erally  in  the  order  indicated.  The  first  three 
entities  are  the  so-called  "woody"  chemicals, 
which  comprise  the  integral  part  of  the  cell 
structure.  These  play  an  important  role  in 
paper  and  pulp  manufacture,  and  in  the  produc¬ 
tion  of  fiber  products,  such  as  hardboard  and 
softboard.  Extractives,  the  fourth  component, 
are  those  substances  which  are  not  an  integral 
part  of  the  cell  wall,  and  are  soluble  in  neutral 
solvents,  such  as  water,  alcohol,  ether,  and 
benzene.  They  vary  in  amount  and  composition 
within  the  bole  of  the  tree.  Taken  as  a  whole, 
the  materials  comprising  extractives  are  com¬ 
plex,  and  may  include  all  types  of  compounds 
known  to  the  organic  and  biochemist.  The 
distinguishing  feature  which  sets  apart  one 
family  of  trees  from  another,  from  the  chemical 
standpoint,  is  the  nature  and  amount  of  extrac¬ 
tives  that  each  species  contains. 

For  many  years,  we  have  been  studying  the 
chemical  nature  of  the  three  major  integral 
components  of  wood  at  the  expense  of  extrac¬ 
tives.  However,  we  have  recently  found  that 
many  of  the  difficulties  encountered  in  pulping, 
for  instance,  such  as  pitch  and  foam,  and 
difficulties  in  pulping  certain  species  of  wood 


do  not  reside  in  the  make-up  of  the  above  three 
major  components,  but  rather  that  the  solution 
to  these  problems  can  be  obviated  by  giving 
more  intelligent  understanding  to  the  chemical 
nature  of  the  extractives  present  in  wood  (1). 

With  this  thought  in  mind,  I  should  like  to  refer 
briefly  to  a  number  of  research  projects  in¬ 
volving  extractives,  which  solved  a  number 
of  problems  in  the  wood  industry. 

A  number  of  years  ago,  the  Western  Pine 
Association  Research  Laboratory  set  out  to 
find  a  suitable  sealer  for  the  familiar  paint 
blemish  that  occurs  over  pine  knots.  The 
solution  to  this  problem  was  resolved  by  study¬ 
ing  the  chemical  and  solubility  characteristics 
of  the  extractives  present  in  the  knot.  As  a 
result  of  this  study  a  sealer  was  developed 
which,  when  applied  over  the  knot  area,  prior 
to  painting,  deposited  a  sealer  film  which  re¬ 
mained  impervious  to  the  solvent  action  of  the 
knot  extractives  (2).  This  sealer  has  been  in 
commercial  use  for  over  five  years,  and  it  has 
proved  successful. 

About  six  years  ago,  at  the  Western  Pine 
Association  Laboratory,  we  had  an  opportunity 
to  study  the  distribution  and  nature  of  extrac¬ 
tives  in  ponderosa  pine  logs.  We  found  that  the 
greatest  quantity  of  extract  was  found  in  the 
butt  log  adjacent  to  the  stump.  The  quantity 
of  extract  in  the  heartwood  amounted  to  12  to 
15  percent.  Further,  examination  revealed 
that  this  component  consisted  largely  of  rosin 
and  turpentine.  This  suggested  that  possibly 
ponderosa  pine  stumps  might  be  a  rich  source 
of  these  commercially  important  chemicals. 

After  analyzing  a  large  number  of  ponderosa 
stumps  in  four  western  states,  it  was  found 
that  this  material  contained  about  25  percent 
or  500  pounds  of  crude  rosin  and  turpentine 
per  ton  of  stumpwood  (3).  The  only  commercial 
source  of  rosin  and  turpentine  comes  from  the 
southern  pines  in  the  southeastern  part  of  the 
United  States.  And  since  relatively  large  quan¬ 
tities  of  rosin  and  turpentine  are  used  out  here 
on  the  West  Coast,  it  would  be  very  desirable 
to  be  able  to  produce  these  products  close  to 
this  western  market.  This  is  being  realized, 
for  the  Hercules  Powder  Company,  one  of  the 
largest  producers  of  naval  stores  in  this  country, 
has  set  up  a  rosin  extraction  plant  at  Klamath 
Falls,  Oregon,  using  ponderosa  pine  stumps 
as  raw  material  (4). 
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Several  years  ago,  the  Oregon  Lumber  Com¬ 
pany,  at  Dee,  Oregon,  had  the  problem  of  dis¬ 
posing  of  60  to  70  cords  of  Douglas  fir  slabwood 
that  accumulated  at  their  mill  each  day.  The 
management  felt  that  the  usual  open  burner 
was  not  the  proper  solution — and  wanted  to 
convert  this  waste  into  something  useful.  How 
about  hardboard?  Could  the  bark  be  used,  too? 
Up  until  this  time,  it  appeared  that  bark  could 
not  be  used  in  making  any  type  of  fiber  product. 
The  reasons  advanced  were  (1)  the  resulting 
pulp  would  drain  too  slowly  for  commercial  pro¬ 
duction  and  (2)  the  resulting  hardboard  would 
be  submarginal  in  strength.  While  these  objec¬ 
tions  seemed  perfectly  valid  for  not  using  bark, 
the  Oregon  Lumber  Company  was  not  convinced 
— and  started  an  active  research  program  in 
trying  to  use  bark  for  the  first  time  in  hard¬ 
board  manufacture.  This  investigation  proved 
successful,  for  the  resulting  research  work 
during  the  following  12  months  revealed  that  the 
incorporation  of  Douglas  fir  bark  in  hardboard 
compositions  not  only  makes  a  satisfactory 
product--but  that  chemicals,  which  are  neces¬ 
sary  in  all  other  processes,  are  not  required 
in  this  new  bark-wood  hardboard  process.  The 
reason  for  this  is  that  Douglas  fir  bark  contains 
naturally  occurring  chemicals  in  the  form  of 
extractives,  which  take  the  place  of  the  synthetic 
chemicals,  i.  e. ,  rosin  size  and  binders  re¬ 
quired  in  other  processes.  As  soon  as  these 
bark  extractives  were  removed  by  solvent  ex¬ 
traction,  the  resulting  extractive -free  Douglas 
fir  bark  produced  a  submarginal  hardboard, 
thus  indicating  the  important  role  played  by 
the  extractives  present  in  the  bark  (5).  As 
the  result  of  this  investigation,  the  Oregon 
Lumber  Company  is  putting  up  a  hardboard 
plant  at  its  mill  in  Dee,  Oregon,  to  use  all  the 
waste  slabs,  including  bark,  edgings,  cull  logs 
and  it  will  no  longer  be  necessary  to  get  rid 
of  the  excessive  by-product  wood  by  the  usual 
burner  procedure.  This  hardboard  plant  is 
expected  to  be  in  production  during  the  latter 
part  o^  1951. 

Extractives  studies  by  Dr.  E.  F.  Kurth  and 
his  co-workers  at  Oregon  Forest  Products 
Laboratory,  have  proved  of  interest  and  value. 
Dr.  Kurth  has  been  investigating  the  nature  of 
extractives  in  barks,  and  he  found  that  Douglas 
fir  bark  is  an  excellent  raw  material  for  the 
production  of  such  diversified  chemicals  as 
w»c  ,  tannin,  and  dihydroquercitin  (6).  Each 
of  these  chemicals  is  a  product  of  great  interest 
and  value  to  industry. 

Up  until  these  chemical  investigations,  pon- 
derosa  pine  stumpwood  and  Douglas  fir  bark 
were  considered  as  the  inevitable  expendable 
by-products  in  the  manufacture  of  lumber. 
However,  as  indicated,  these  chemical  studies 
have  revealed  that  these  wood  by-products  con¬ 


tain  extractive  components  of  direct  value  to 
industry. 

We  at  the  Forest  Products  Laboratory  here 
atBerkeleyfeel  that  the  study  of  the  aunount  and 
nature  of  extractives  present  in  the  various  tree 
species  that  grow  in  this  state  may  reveal  that 
some  species  contain  enough  extractive  sub¬ 
stances  to  warrant  the  starting  of  new  chemical 
industries  utilizing,  in  the  main,  the  waste 
products  of  the  sawmill  and  logging  slash  in 
the  forests.  To  that  end  in  setting  up  our 
initial  research  projects  in  the  field  of  wood 
chemistry.  Dean  F.  S.  Baker  of  the  School  of 
Forestry  and  I  have  set  up  a  number  of  projects 
dealing  with  extractives. 

One  of  these  is  concerned  wHh  the  amount 
and  nature  of  extractives  in  Jeffrey  pine  stump- 
wood.  Jeffrey  pine  grows  in  mixed  stands  with 
ponderosa  pine,  as  well  as  in  relatively  pure 
stands.  So  the  question  was,  do Jeffreypine 
stumps  contain  sufficient  extract  or  rosin  to 
warrant  stump  removal  and  processing?  To 
answer  this,  in  part  at  least,  we  have  obtained 
samples  of  Jeffrey  pine  stumpwood  from  several 
different  sites  in  California.  The  results  appear 
promising,  for  we  are -getting  rosin  yields 
ranging  from  19  to  37  percent  or  380  to  740 
pounds  of  crude  rosin  per  ton  of  Jeffrey  pine 
stumpwood.  While  these  are  preliminary  data, 
it  appears  that  Jeffrey  pine  stumpwood  is  still 
.  another  new  source  of  rosin,  and  that  this 
country  will  continue  to  have  anrlple  quantities 
of  raw  materials  for  rosin  production  for  years 
to  come.  This  is  significant,  for  it  has  been 
estimated  that  the  wood  naval  stores  industry 
is  responsible  for  annually  clearing  approxi¬ 
mately  400,  000  acres  of  cut-over  southern  pine 
lands,  and  releasing  them  for  agricultural  or 
tree-farming  uses  (7).  This  source  is  not 
renewable  since  the  present  southern  pine  lum¬ 
ber  and  pulpwood  production  are  largely  from 
young  stands  and  the  stumps  remaining,  which 
consist  largely  of  sapwood,  are  so  anemic  in 
rosin  and  turpentine  content  that  they  are  not 
worth  removing  from  the  ground. 

Another  project  we  are  investigating  is  con¬ 
cerned  with  the  quantity  of  pinitol  or  the  so  - 
called  "sugar"  in  sugar  pine.  It  has  been  known 
■for  many  years  that  the  exudate  from  this  pine 
was  sweet  to  the  taste,  hence  "sugar"  pine. 

In  1856,  a  French  chemist,  Berthelot,  identified 
the  crystalline  material  and  called  it  pinite  or 
pine  tree  sugar  (8).  This  early  study  revealed 
that  this  compound,  while  sweet,  did  not  give 
the  reactions  common  to  sugars.  It  is  not  a 
sugar,  but  rather  what  chemists  call  a  cyclose 
or  cyclitol — a  compound  having  6  carbon  atom 
membered  rings  rather  than  the  "open"  carbon 
atom  chain  common  to  sugars.  Since  this  early 
work  in  pinitol,  it  has  been  found  in  a  number 
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of  plants  and  trees,  but  in  relatively  small 
amounts.  No  investigation  has  been  made  as 
to  the  amount  dr  distribution,  if  any,  of  pinitol 
in  the  sugar  pine  tree  or  log. 

Several  years  ago,  the  Corn  Products  Refin¬ 
ing  Company  of  New  York  announced  that  they 
had  available  a  new  organic  compound  called 
inositol.  This  is  a  cyclose,  very  closely  re¬ 
lated  chemically  to  pinitol.  The  inositol  is 
obtained  in  the  corn  products  refining  process. 

It  can  be  purchased  for  five  dollars  per  pound. 

It  is  used  as  a  precursor  for  one  of  the  vitamin 
preparations  and  has  other  uses.  It  is  the  only 
cyclose  available  in  commercial  quantities. 

Pinitol  is  closely  related  to  inositol,  and  can 
be  readily  converted  into  d-inositol.  Does 
sugar  pine  wood  waste  contain  pinitol,  and, 
if  so,  how  much?  Is  sugar  pine  wood  waste 
a  suitable  raw  material  for  the  commercial 
production  of  this  chemical?  Initial  results 
look  promising.  We  have  found  as  much  as 
7  percent  or  140  pounds  of  pinitol  per  ton  of 
sugar  pine  heartwood.  If  the  average  pinitol 
yield  would  even  approach  this  quantity,  it 
certainly  would  warrant  attention  as  a  possible 
new  commercial  source  for  this  hitherto  un¬ 
available  organic  compound,  which  has  a  num¬ 
ber  of  potential  uses.  We  have  found  it  only  in 
the  heartwood--none  in  the  sapwood.  This 
should  be  of  interest  to  the  botanist  or  plant 
physiologist,  suggesting  that  perhaps  pinitol 
is  a  product  or  by-product  resulting  only  in  the 
transformation  of  sapwood  to  heartwood. 

These  research  projects  on  Jeffrey  pine 
stumpwood  and  sugar  pine  extractives  will  soon 
be  released  for  publication.  Meanwhile,  we 
are  looking  into  other  wood  species  in  this  state 
to  determine  whether  they  may  also  contain 
sufficient  extract  to  warrant  commercial  adop¬ 
tion — the  primary  object  being  to  seek  new  uses 
for  our  mill  and  forest  wastes--thus  realizing 
greater  benefit  and  return  from  the  trees  that 
9,re  harvested  yearly  in  this  state.  As  recently 
suggested  by  Sir  John  Simonsen,  until  we  know 
all  the  constituents  in  a  growing  tree  or  plant, 
it  will  not  be  possible  to  have  a  sure  scientific 
foundation  for  agriculture  and  forestry  (9). 
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Tree  Farms  and  Forest  Research 

GEO.  L.  DRAKE,  Administrative  Vice  President, 
Simpson  Logging  Co.  ,  Shelton,  Wash. 


The  tree  farm  movement  started  in  1941 
at  the  time  that  the  Clemons  Logging  Com¬ 
pany,  a  subsidiary  of  Weyerhaeuser  Timber 
Company,  completed  logging  on  a  large  tract 
lying  south  and  east  of  Grays  Harbor  in  North¬ 
western  Washington.  Their  logging  had  been 
going  on  over  40  years,  and  as  a  result  there 
had  been  established  a  fine  crop  of  young  trees 
on  most  of  the  area. 

The  company  decided,  now  that  logging  opera¬ 
tions  were  completed,  to  set  up  a  new  organiza¬ 
tion,  whose  function  would  be  the  protection  and 
management  of  this  second  growth,  and  felt 
that  a  distinctively  descriptive  name  should  be 
given  this  new  organization. 

The  name  "Tree  Farm"  was  proposed  by 
Chapin  Collins,  editor  of  the  Montesano  Vidette. 
He  was  very  much  interested  in  forestry  matters, 
and  later  became  the  active  head  of  American 
Forest  Products  Industries.  And  so  the  Clem¬ 
ons  Tree  Farm,  the  first  "tree  farm"  in  the 
United  States,  came  into  being. 

This  designation  was  a  happy  choice  as  "tree 
farm"  immediately  suggests  a  place  where 
crops  are  grown,  although  the  reference  usually 
has  been  applied  only  to  annual  crops  such  as 
grain,  hay,  vegetables  or  other  small  plants. 
Trees,  commercial  trees  of  the  species  from 
which  lumber  and  pulp  and  other  wood  products 
are  obtained,  are  plants  too,  but  because  they 
mature  over  a  period  of  many  years  rather  than 
in  a  single  year,  they  are  not  always  thought  of 
as  crops. 

The  term  "tree  farm"  has  been  helpful  in 
our  relations  with  the  general  public — in  giving 
them  an  understanding  of  problems  in  connection 
with  the  growing  of  trees.  Most  people  know 
something  of  the  problems  of  the  average  farm¬ 
er,  but  think  the  forest  land  owner  is  an  alto¬ 
gether  different  breed  of  cat.  He  has  been  too 
often  played  up  as  the  lumber  baron  whose  only 
object  in  life  was  to  devastate  the  land. 

After  the  Clemons  Tree  Farm  organization 
began  functioning  and  had  acquired  considerable 
publicity,  other  tree  farms  were  set  aside  in 
the  Northwest  and  the  movement  was  officially 
sponsored  by  the  Joint  Forest  Conservation 
Committee  of  the  West  Coast  Lumbermen's 
Association  and  the  Pacific  Northwest  Loggers. 
A  code  of  standards  was  drawn  up  and  where 
tree  farms  met  the  qualifications  they  were 


officially  recognized  and  certified. 

The  development  attracted  the  attention  of 
the  National  Lumber  Manufacturers  Association 
and  as  a  result  they  set  up  a  nation-wide  organ¬ 
ization  known  as  the  American  Tree  Farms. 
Today  this  program  is  being  sponsored  by  the 
American  Forest  Products  Industries. 

There  are  in  the  United  States,  2,748  approved 
tree  farms  with  a  total  acreage  of  21,799,725, 
roughly  7  million  acres  of  which  are  in  the 
Northwest,  including  108,000  acres  in  the  red¬ 
wood  region  of  California  and  650,  000  acres  in 
the  western  pine  region  of  California. 

The  size  of  a  tree  farm  unit  varies  from 
small  farm  wood  lots  to  hundreds  of  thousands 
acres  held  by  the  larger  companies. 

To  qualify,  tree  farms  must  be  devoted  pri¬ 
marily  to  the  continuing  growth  of  merchantable 
forest  products  under  conscientiously-applied 
forestry  practices.  This  means  providing  pro¬ 
tection  from  fire,  insects,  disease,  and  other 
sources  of  damage,  and  harvesting  the  timber 
for  best  possible  financial  returns  while  at  the 
same  time  maintaining  continuous  forest  growth. 

Before  a  tree  farm  certificate  is  granted, 
an  examination  is  made  of  the  area  by  a  forester 
from  the  staff  of  the  sponsoring  agency.  A 
commitment  in  writing  is  made  by  the  applicant, 
outlining  his  plans  for  handling  his  forest  land. 
Follow-ups  are  made  periodically  of  these  lands 
by  Association  foresters,  and  where  the  tree 
farm  is  not  being  managed  according  to  the 
standards  established,  the  certificate  is  revoked. 

People  critical  of  the  lumber  industry  have 
criticized  the  tree  farm  movement  as  being 
window  dressing  by  the  industry,  but  the  results 
achieved  and  the  growing  interest  in  the  manage¬ 
ment  of  timber  land,  especially  of  young  growth, 
are;' effectively  answering  such  criticism. 

Naturally  the  problems  vary  with  the  location 
of  the  tree  farm.  Good  forestry  management 
of  a  tract  of  timber  land  varies  also  with  the 
species  and  age  of  the  timber.  In  the  West, 
where  most  of  our  logging  operations  are  being 
carried  on  in  virgin  stands,  the  job  of  the  for¬ 
ester  is  to  determine  methods  of  cutting  that 
will  insure  prompt  restocking  of  the  area.  In 
the  pine  forest  and  in  many  redwood  areas  a 
form  of  tree  selection  is  the  answer.  In  the 
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Douglas  fir  region,  because  of  the  rough  topo¬ 
graphy  and  the  large  timber  as  well  as  the  fact 
that  Douglas  fir  reproduces  best  after  clear 
cutting,  this  is  the  accepted  cutting  practice. 

Regardless  of  forest  conditions,  intensive 
forestry  involves  timber  younger  than  what 
we  consider  today  as  old  growth;  and  it  is  in 
these  young  stands  that  the  maocimum  result 
from  sound  forestry  practices  can  be  achieved. 
Hence  the  degree  of  forestry  management  that 
is  practiced  on  the  tree  farms  depends  on  the 
character  of  the  tree  farm. 

In  the  virgin  stands  of  our  own  holdings  and 
of  the  Douglas  fir  forests  in  the  Northwest  our 
forestry  thinking  is  towards  the  maiximum  uti¬ 
lization  of  the  virgin  timber  and  the  leaving  of 
a  source  of  seed  adjacent  to  the  logged  areas 
so  they  will  be  restocked  in  the  minimum  of 
time. 

ROLE  OF  RESEARCH  IN  UTILIZATION 

The  degree  of  utilization  in  these  virgin  stands 
depends  upon  the  possible  economic  utilization 
of  the  left-overs  from  logging.  This  is  where 
forest  products  research  is  playing  its  part 
in  helping  the  forester  secure  better  utilization. 

Probably  the  biggest  factor  to  date  in  this 
respect  has  been  the  research  work  that  led 
to  the  establishment  of  pulp  mills  in  the  North¬ 
west.  The  discovery  that  hemlock  makes  good 
sulfite  pulp  and  that  Douglas  fir  and  cedar  can 
be  used  in  the  sulfate  process,  has  made  pos¬ 
sible  the  utilization  of  timber  too  small  for 
saw  logs,  which  was  formerly  knocked  down 
in  the  process  of  logging  or  burnt  in  the  sub¬ 
sequent  slash  fires.  Utilization  of  this  mater¬ 
ial  has  been  accomplished  either  through  pre- 
logging  or  relogging.  Where  the  ground  is  un¬ 
favorable  and  where  there  was  a  considerable 
sprinkling  of  small  trees  in  the  original  stcuid, 
the  pre-logger  has  gone  in  ahead  of  regular 
logging  and  taken  out  this  material.  In  many 
operations  most  of  this  has  been  in  the  form  of 
suppressed  hemlock.  In  other  operations  this 
material  is  being  removed  as  a  salvage  opera¬ 
tion  after  logging. 

Studies  that  have  been  conducted  of  such  left¬ 
over  material  indicate  that  there  is  a  great 
supply  available.  In  making  use  of  these  studies 
for  determining  the  volume  of  raw  material 
available,  attention  should  be  paid  to  the  loca¬ 
tion  with  regard  to  transportation  systems  such 
as  logging  roads,  etc.  In  the  recent  surveys 
being  conducted  by  the  State  of  Washington 
Institute  of  Forest  Products  a  zoning  system  has 
been  set  up  that  attempts  to  give  this  informa¬ 
tion.  Previous  surveys  merely  listed  the  total 
amount  of  this  material  in  certain  areas,  and 


did  not  attempt  to  locate  it  by  zones.  As  a  re¬ 
sult  the  information  was  of  little  use,  and  tended 
to  create  a  distorted  picture  that  critics  of  the 
lumber  industry  did  not  hesitate  to  use. 

To  date  most  of  the  material  unsuitable  for 
saw  timber,  that  has  been  salvaged  behind  log¬ 
ging  has  been  wood  suitable  for  pulp  or  occasion¬ 
al  peeler  blocks. 

There  has  been  some  attempt,  with  varying 
success,  to  set  up  small  mills  in  these  areas, 
and  cut  lumber  of  shorter  lengths  than  normally 
cut  by  the  regular  sawmills. 

Some  thought  has  been  given  to  the  use  of  this 
material  for  charcoal  and  other  purposes. 

Studies  were  made  at  the  University  of  Washing¬ 
ton  of  the  possibility  of  salvaging  bark  and  con¬ 
verting  it  to  a  substitute  for  cork.  The  end  of 
World  War  II,  when  normal  cork  supplies  from 
northern  Africa  came  back  into  the  market, 
ended  these  investigations. 

However,  there  is  still  a  great  field  of  op¬ 
portunity  for  research  to  develop  products  that 
can  be  made  from  these  left-overs,  especially 
if  the  transportation  problem  can  be  whipped. 
Experience  in  our  woods,  the  same  the  world 
over,  is  that  transportation  of  raw  wood  is  a 
problem;  and  that  what  can  be  done  in  a  forest 
close  to  manufacturing  facilities  or  markets 
cannot  be  done  where  transportation  costs  are 
high. 

As  stated  before,  the  young  growing  forest 
is  the  work  shop  in  which  forestry  practices 
can  best  be  developed.  The  main  problem  of 
the  forester  handling  a  stand  of  growing  timber 
like  any  farmer  handling  a  crop  is  to  get  the 
maximum  yield  off  the  land  and  that  of  the  high¬ 
est  quality  in  the  least  time.  To  do  this  in  the 
woods,  requires  that  thinnings  be  made  which 
will  expedite  the  growth  of  the  crop  trees — the 
trees  that  will  produce  the  highest  quality  and 
the  final  crop.  Nature  sows  its  land  with  a 
lavish  hand,  realizing  that  in  the  struggle  for 
survival  the  death  toll  will  be  heavy;  and  in 
young  stands  there  are  always  more  stems  than 
the  ground  can  support.  This  tends  to  cause 
the  trees  to  shoot  up,  and  the  dense  growth 
helps  in  the  natural  pruning  of  the  lower  branches. 
This  condition  is  encouraged  by  the  forester  up 
to  the  point  that  stagnation  of  the  stand  begins. 
Then  good  forestry,  like  good  farming,  calls 
for  the  thinning  of  the  stand. 

THINNING  AT  15  TO  30  YEARS 

In  Sweden,  where  market  conditions  were 
favorable  and  transportation  costs  within  reason, 

I  found  this  thinning  could  be  done  at  30  years  of 
age,  and  the  same  will  be  true  some  day  in  the 
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Northwest.  In  the  South,  where  growing  condi¬ 
tions  are  favorable  and  transportation  problems 
easy,  thinnings  can  begin  at  a  much  earlier 
age,  15  years  being  common  in  many  parts. 

If  markets  have  been  developed  for  round  wood, 
such  as  pulp  and  fiber  mills,  and  the  cost  of 
these  thinnings  is  less  or  at  least  not  greater 
than  that  of  other  left-overs,  it  is  a  simple 
matter. 

In  our  forests  in  Washington  we  have  thous¬ 
ands  of  acres  in  need  of  thinning,  but  so  far 
markets  have  not  developed  that  will  allow  us 
to  make  these  thinnings  profitably.  In  a  few 
areas,  as  around  St.  Helens,  Longview,  Aber¬ 
deen  and  Port  Townsend,  where  there  are  mills 
using  this  class  of  material,  such  thinnings  are 
being  made  within  reasonable  trucking  distance 
from  the  plants. 

As  new  markets  develop  for  wood  fiber,  and 
techniques  are  improved,  it  is  expected  that  the 
demand  for  small  round  wood  will  increase  and 
we  can  do  a  better  job  in  handling  our  forests. 


Years  ago  Doctor  Schenck,  who  was  the  pioneer 
apostle  of  forestry  in  the  United  States,  gave 
his  students  an  zuciom  that  still  holds  good; 
namely,  the  only  good  forestry  is  the  forestry 
that  pays. 

You  men  in  forest  products  research  are  the 
men  that  the  foresters  of  the  country  are  depend¬ 
ing  upon  to  develop  the  products  that  will  make 
it  possible  for  the  forester  to  achieve  a  high 
degree  of  utilization  in  both  the  virgin  and  new 
forests,  and  to  put  into  practice  the  proven 
methods  of  making  forest  lands  yield  their  mzuc- 
imum  return.  This  means  a  continuing  supply 
of  forest  products  so  vital  to  the  national  econ¬ 
omy  and  defense  and  to  the  maintenance  of  forest 
communities.  This  is  all  the  more  important 
in  view  of  the  fact  that  a  large  percentage  of  our 
Western  States  contains  land  more  suitable  for 
the  growth  of  forest  crops  than  anything  else. 
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Advantages  of  Working  to  Gauges 
in  Machining  Small  Wood  Parts 

HAROLD  E.  JOPSON,  Pratt,  Read  and  Company,  Inc.  ,  Ivoryton,  Conn. 


IN  ORDER  that  one  may  be  familiar  with 
the  building  of  a  piano  action  and  piano  key¬ 
board,  it  is  necessary  to  visualize  of  what  these 
mechanisms  consist.  There  are  88  notes  in  the 
standard  piano;  for  each  note  there  is  a  key  and 
action  unit  containing  approximately  100  parts, 
or  8,800  pieces  for  a  complete  assembly.  Most 
of  these  parts  are  made  from  wood  and  are 
shaped,  moulded,  machined,  and  drilled  with 
special  machines  and  equipment.  Upon  assembly 
all  of  these  parts  must  meet  rigid  requirements. 
This  is  only  possible  through  the  use  of  pre¬ 
cision  gauges  furnished  to  the  Inspection  Depart¬ 
ment  by  engineering,  which  department  furnishes 
drawings  of  all  parts  and  keeps  records  of  all 
changes  so  that  gauges  are  kept  up-to-date  at 
all  times. 

Pianos  are  shipped  to  all  parts  of  the  world 
and  are  subjected  to  every  possible  climatic 
and  atmospheric  condition.  The  expected  mi¬ 
nimum  life  is  20  years,  but  many  pianos  are 
in  perfect  condition  after  50  years.  For  this 
reason  you  can  readily  see  that  it  is  necessary 
for  all  parts  made  of  wood  to  be  properly  pre¬ 
pared  and  that  uniformly  close  tolerances  be 
maintained  in  the  machining  of  parts.  This  is 
possible  in  this  age  of  production-minded  manu¬ 
facturers  only  through  the  use  of  precision 
gauges.  This  fact  accounted  for  the  ability  of 
piano  manufacturing  personnel  trained  in  the 
use  of  gauges  to  readily  fit  into  the  war  con¬ 
version  program  of  manufacturing  CG4A  gliders 
in  1942  for  the  Army  Air  Forces  where  tolerances 
for  wood  fabricated  parts  were  held  to  measure¬ 
ments  in  thousandths. 

The  question  arises  as  to  why  there  is  such 
need  for  precision  measuring  tools  today  when 
in  early  days  quality  work  was  obtainable  from 
craftsmen  in  the  woodworking  industry  whose 
only  means  of  measuring  were  the  2-foot  folding 
rule,  caliper  rule,  and  the  cut  and  try  method. 
During  this  period,  when  there  was  much  hand 
work  required  to  make  each  part,  time  was  not 
of  the  essence  and  the  volume  of  production  was 
small.  Woodworkers  remained  with  the  same 
company,  doing  the  same  type  of  work  year 
after  year,  until  most  of  them  became  skilled 
craftsmen.  As  production  increased  many 
unique  devices  were  made  to  check  various 
parts  for  consistent  uniformity,  but  the  various 
operations  were  still  carried  on  by  experienced 
craftsmen  called  "action  and  key  makers.  " 

Today,  with  volume  production,  it  is  necessary 
to  use  labor  which  is  unskilled  and  untrained  in 
the  manufacture  of  small  precision  wood  parts. 


New  employees  invariably  think  that  products 
made  from  wood  can  be  "hit  or  miss"  within 
one-sixteenth  of  an  inch  tolerance.  However, 
many  of  the  small  piano  key  and  action  wood 
parts  must  be  held  to  tolerances  as  close  as 
plus  or  minus  0.  003  inch.  For  this  reason 
both  rigid  quality  control  and  intensive  training 
of  personnel  are  required.  Very  complete 
prints  of  the  parts  are  prepared  by  engineering 
from  which  templates  and  gauges  are  made  for 
use  by  production  and  inspection  with  a  master 
set  for  engineering.  Gauges  are  checked  at 
least  once  monthly. 

Basswood,  sugar  pine  and  birch  are  used  in 
the  construction  of  piano  keys  and  frames, 
while  hard  maple  is  used  exclusively  in  the 
manufacture  of  piano  action  parts.  All  lumber 
is  purchased  No.  1  common  or  better  in  4/4  and 
5/4  thickness.  The  lumber  is  inspected  both 
at  the  source  and  in  our  yard.  The  special  re¬ 
quirements  regarding  grain,  texture,  color, 
etc.  ,  have  been  recognized  by  the  National 
Hardwood  Lumber  Association  and  specifications 
for  "basswood  keystock"  and  "action  maple"  are 
included  in  the  official  grading  rules  of  the 
N.H»L.  A. 

PROCEDURE 

The  first  use  of  gauges  is  in  the  lumber  yard 
where  the  4/4  and  5/4  green  lumber  is  further 
inspected  for  variations  in  thickness  prior  to 
piling.  After  air-drying  from  3  to  12  months, 
the  lumber  is  kiln-dried  in  modern  cross- 
circulating  kilns.  The  drying  is  carried  on 
slowly  to  insure  uniformity  of  the  final  moisture 
content  and  relief  of  stresses.  This  work  is 
done  under  the  supervision  of  a  graduate  wood 
technologist.  The  lumber  is  dried  during  the 
winter  months  to  a  moisture  content  ranging  from 
3  to  5  percent  and  during  the  humid  months  from 
5  to  7  percent.  When  drying  is  completed  to  the 
satisfaction  of  the  kiln  engineer,  who  has  been 
equipped  with  modern  moisture  testing  apparatus, 
motor  driven  transfer  cars  move  the  lumber  to 
the  dry  storage  building.  This  building  is  equip¬ 
ped  with  thermostatically  controlled  heating  units 
and  is  also  under  the  supervision  of  the  kiln  engi¬ 
neer.  The  lumber  remains  here  from  4  to  7 
days  to  permit  stabilization  of  the  moisture  grad¬ 
ient  in  the  wood. 

When  ready  for  production,  the  lumber  is 
moved  by  transfer  car  to  power  driven  lumber 
lifts.  From  these  lifts  the  lumber  is  moved 
by  conveyors  to  the  various  production  machines. 
Throughout  the  rough  mill  material  from  every 
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operation  is  checked  for  size  b'/  the  use  of 
metal  gauges.  This  is  a  double  check  on  the 
accuracy  of  the  measuring  devices  furnished 
by  the  manufacturers  of  the  several  saws, 
planers,  surfacers,  jointers,  and  other  wood¬ 
working  equipment.  After  passing  through  the 
rough  mill  much  of  the  lumber  is  glued  up  in 
sheet  form  in  plycor  press.  The  sheets  are 
52  inches  long  and  vary  in  width  from  12  to  24 
inches.  The  grain  of  the  wood  is  parallel  to 
the  width  of  the  panels.  This  is  mentioned  to 
bring  out  the  fact  that  the  majority  of  the  lum¬ 
ber  is  planed  and  moulded  across  the  grain. 

The  processing  at  this  stage  divides  itself  into 
two  departments,  namely,  piano  keyboard  and 
piano  action. 

Keyboards  are  planed  across  the  grain  to 
various  thicknesses,  ranging  from  7/8  to  I-I/I6 
inches.  Accuracy  is  essential,  and  planing 
and  thickness  is  held  to  a  tolerance  of  0.  006 
inch.  And  here  "GO  and  NO-GO"  snap  gauges 
are  used  in  checking  the  material.  The  next 
operation  is  sanding  which  is  done  across  the 
grain  using  a  three-drum  sander.  The  tolerance 
for  this  operation  is  0.  004  inch.  To  achieve 
this  special  sanding  tolerance,  a  standard  ma¬ 
chine  was  rebuilt  to  our  specifications.  Every 
few  boards  are  checked  with  a  "GO  and  NO-GO" 
snap  gauge  to  insure  that  the  thickness  speci¬ 
fications  are  being  maintained  for  the  full  length 
of  the  glued-up  boards.  Too  great  a  variation  in 
thickness  prevents  proper  bonding  to  the  plastic 
covering.  Likewise,  the  plastic  covering  which 
is  purchased  in  sheet  form  is  checked  with  gauges 
for  variation  in  thickness.  Purchasie  tolerance 
is  0.049  to  0.056  inch.  All  plastic  sheets  are 
regraded  and  similar  thicknesses  are  put  through 
together . 

The  key  plank,  now  processed,  is  drilled  in 
a  special  designed  boring  and  routing  machine 
equipped  with  88  spindles.  These  operations 
vary  in  measurements  for  each  style  of  board. 
Me^al  gauges  are  used  extensively  to  maintain 
accurate  set-up  and  every  operation  is  spot- 
checked  by  the  inspector  to  assure  correct  di¬ 
mensions  for  drilling,  routing  and  stamping. 

The  multiple  drilling,  routing,  and  stamping 
machines,  which  are  adjustable  for  various 
widths  of  spacing,  are  controlled  by  metal 
templates,  each  bd  ng  made  to  a  customer's 
scale.  In  order  to  insure  accuracy  a  special 
machine  was  designed  for  laying  out  the  metal 
locating  templates.  Any  deviation  from  the 
prepared  specification  at  this  stage  of  process 
causes  serious  complications  in  the  Finishing 
Department.  Without  precision  gauges  and 
templates,  volume  production  could  not  be  ob¬ 
tained.  Final  finishing  of  a  set  of  keys  is  greatly 
simplified  if  these  basic  specifications  are 
maintained. 


GAUGING  ACTION  PARTS 

The  manufacture  of  action  parts  requires 
constant  use  of  gauges  and  inspection.  Action 
sheet  planks  are  cut  to  necessary  thicknesses 
and  widths  for  the  machining  of  the  several 
shaped  contours  of  action  part  mouldings.  The 
mouldings,  with  the  exception  of  rails,  are  all 
preformed  cutter  blades.  Here,  again,  accuracy 
is  vital,  since  the  three  operating  center  points 
of  the  assembled  action  cannot  vary  more  than  ' 

1/32  inch  and  still  function  properly. 

This  brings  out  the  necessity  for  metal  tem¬ 
plates  and  gauges  to  insure  uniformity  of  the 
several  moulded  action  parts.  In  years  gone 
by,  a  wood  template  was  used  for  the  set-up 
of  moulding  cutters  using  the  old  square  head. 

Each  cutter  had  to  be  properly  shaped  and  bal¬ 
anced  and  the  cut  and  try  method  was  used  to 
acquire  the  proper  shape  of  moulding.  This 
work  was  done  by  a  craftsman  known  as  an 
"action  moulder  man"  and  some  set-ups  required 
one  to  two  days  to  make.  True,  when  the  moulding 
was  produced,  the  product  compared  favorably 
with  a  treasured  wood  pattern  and  was  used  over 
and  over  again,  year  after  year.  The  writer  often 
wonders  how  such  accuracy  was  maintained,  but 
in  those  days  workmen  were  cr2Lftsmen  of  ability 
and  time  was  of  no  consequence.  One  of  the  hum¬ 
orous  incidents  involving  action  mouldings  is 
about  the  operator  who  was  always  able  to  pro¬ 
duce  a  moulding  the  exact  replica  of  the  last  run. 
iPhis  soon  produced  an  action  with  incorrect  cen¬ 
ters.  Investigation  brought  out  the  fact  that 
mouldings  were  exact  to  the  last  run  for  the 
simple  reason  that  the  operator  had  replaced 
the  original  wood  template  on  the  test  block  with 
a  sample  of  each  succeeding  production  run. 
Naturally,  sharpening  and  stoneing  of  cutters 
threw  the  profile  out.  This  is  mentioned  to 
bring  out  the  necessity  for  use  of  all  metal  tem¬ 
plates  and  gauges.  With  the  demand  for  volume 
production,  preformed  cutters  with  round  heads 
have  been  substituted  for  the  square  heads. 

We  have  shown  why' profile  templates  and 
gauges  are  of  vital  importance.  Sharpening 
and  stoneing  of  cutters  will  in  time  change  the 
profile.  This  necessitates  replacement  of  cut¬ 
ters  as  they  must  conform  exactly  to  the  master 
metal  templates. 

One  inspector  spends  full  time  gauging  mould¬ 
ings  produced  by  six  moulder  machines.  The 
various  styles  of  50  inch  length  mouldings  are 
racked  in  the  moulding  store  room  which  is  pro¬ 
vided  with  humidity  control. 

The  next  stage  is  the  machining  departments 
where  the  mouldings  are  delivered  for  the  several 
sawing,  drilling,  routing,  and  framing  operations. 
There  the  utmost  accuracy  is  required  and  elaborate 
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inspection  has  been  installed,  involving  all 
types  of  gauges  and  measuring  instruments. 
Mouldings  are  cut  up  into  3/8  inch  wide  pieces 
on  which  tolerances  of  0.005  inch  are  allowed. 
Drilling  is  checked  by  a  try-wire  method  which 
consists  of  reversing  on  a  test  wire  two  pieces 
drilled  on  the  same  machine.  If  daylight  appears 
between  the  two  parts,  the  drilling  is  unsatis¬ 
factory.  Angles  of  drilled  holes  are  checked 
on  a  template  plate.  Thickness  of  frazed  parts 
are  tested  with  snap  gauges  allowing  a  plus  or 
minus  tolerance  of  0.002  inch.  Checking  with 
an  elaborate  gauge  system  in  this  department 
is  the  only  assurance  of  producing  small  wood 
parts  to  accurate  dimensions.  Here,  again, 
the  micrometer  is  used  in  place  of  the  caliper 
scale  when  a  variation  of  0.001  inch  occurs  from 
the  "GO  and  NO-GO"  gauge.  With  quality  control 
and  proper  gauges,  production  is  as  accurate 
today  using  female  employees  as  in  the  old  days 
with  male  employees  who  were  members  of  the 
"action  and  key  maker"  emit. 

In  summary,  the  writer  has  labored  through 
the  old  methods  of  cut  and  try,  two-foot  rule 
measurement,  wood  templates,  and  wood  gauges, 
to  the  present  method  which  employs  the  skill 
of  engineers  and  draftsmen  to  prepare  blue¬ 
prints,  gauge  designs,  and  methods  for  quality 
control.  Today's  problems  of  increased  turn¬ 
over  of  labor,  increased  demand  for  production, 
and  loss  of  skilled  craftsmen  have  been  solved 
by  Pratt,  Read  b  Company  through  use  of  gauges 
in  the  manufacture  of  precision  small  wood  parts. 

DISCUSSION 

MR.  JOHNSON,  N.  C.  State  College;  In  -our 
specifications  for  size  of  parts  do  you  specify 
any  allowable  tolerance  ? 

MR.  KELLER:  If  manufacturers  allowed  a 
little  more  thickness  for  the  finishing  operation 
the  problems  of  tolerance  would  work  out  okay. 

MR.  FRAUNBERGER,  Philco  Corp.  :  You 
have  mentioned  the  National  Hardwood  Lumber 
Assoc.  Grading  Rules.  1  am  wondering  whether 
/ou  are  entirely  satisfied  with  these  rules  ?  1 
ask  this  because  only  active  members  who  are 
lumber  producers  have  a  vote  in  changing  the 
rules.  Associate  woodusers  have  no  vote. 

MR.  KELLER:  So  far  as  we  are  concerned, 
the  rules  are  all  right.  As  you  know,  we  even 
have  special  grades  of  lumber  for  our  use.  Our 
shipments  are  checked  by  a  lumber  grader  and 
by  our  wood  engineers.  If  we  have  trouble,  we 
have  found  that  it  may  be  due  to  a  lack  of  under¬ 
standing  with  the  producer  and  that  999  times 
out  of  a  thousand  a  cure  can  be  made  by  going 
back  to  the  producer  and  discussing  the  difficulty 
with  him. 


MR.  CARTER,  N.  C.  State  College:  Do  you 
use  statistical  methods  in  controlling  sizes  to 
the  close  tolerances  you  mentioned? 

MR.  KELLER:  No,  we  really  do  use  statis¬ 
tical  methods.  We  make  a  continuous  check, 
however.  Our  main  trouble  now  is  that  our  lum¬ 
ber  is  coming  in  very  much  off-size,  particularly 
thin. 

MR.  CARTER;  I  would  like  to  point  out  that 
the  statistical  prociedures  regarding  Mr.  Dickin¬ 
son's  paper  can  be  applied  to  small  mills  pro¬ 
ducing  small  lumber.  We  made  such  a  study  with 
good  results. 

MR.  JOHNSON:  My  question  was  about  the 
same  as  Mr.  Graham's.  Do  you  think  the  use  of 
dimensional  tolerances  and  maintaining  these 
tolerances  by  go  and  no-go  gauges  is  practical 
and  economical  in  furniture  manufacturing  ? 

MR.  KELLER:  Yes,  I  think  they  are. 

MR.  GRAHAM,  National  Hardwood  Magazine; 
Do  you  believe  the  use  of  go  and  no-go  gauges 
is  practical  for  gauging  round  holes  as  used  in 
chair  constructions  ? 

MR.  KELLER:  Yes,  we  do  use  go  and  no-go 
gauges  in  our  operations  even  though  the  holes 
may  be  off  a  little  bit,  although  we  manage  to 
hold  our  tolerance  to  .004". 

MR.  WANGAARD,  Yale  University:  How  are 
machining  costs  affected  by  high  precision  type 
work  involved  in  making  piano  action  parts  ? 

MR.  KELLER:  There  is  some  extra  cost  due 
to  need  for  inspection  and  for  work  of  the  engine¬ 
ering  department.  In  modern  molders  stock  can 
be  run  about  400  ft.  per  minute  accurately.  On 
drum  sanding  under  the  usual  practice  the  speed 
can  be  kept  up.  The  only  extra  expense  here  is 
the  cost  of  changing  paper  a  little  more  often. 

In  general  I  believe  we  can  work  to  tolerances  of 
.004"  to  .002"  without  raising  the  cos.t  over  10%. 

MR.  JORGESON,  Penn  State  College:  How 
much  tolerance  is  allowed  in  final  assembly  for 
shrinkage  of  holes  ? 

MR.  JOPSON,  Pratt,  Read  &  Co.  :  There  are 
three  points  which  are  the  key  to  an  action  assem¬ 
bly.  When  the  action  is  assembled,  there  is  an 
allowance  made  for  side  play  in  the  action.  This 
is  very  small,  of  course,  but  is  adequate. 


Quality  Control  in  Furniture  Manufacturing 
and  its  Relation  to  Sales 

P.  B.  P033SR,  Vice-President  and  General  Manager, 

Hey  wood- Wakefield  Company,  Gardner,  Mass. 


Quality  control  includes  everything 
that  has  to  be  done  to  guarantee  satfe  and 
satisfactory  delivery  into  the  consumer's  home 
and  to  assure  that  the  product  gives  satisfaction. 
That  may  not  be  the  best  definition  or  even  a 
good  one.  I  use  it  mainly  to  make  a  point  that 
I  think  is  important- -that  quality  control  is  not 
merely  a  production  problem. 

I  think  quality  control  should  start  before  de¬ 
sign;  it  should  begin  with  the  man  who  decides 
what  the  factory  is  to  make.  He  should  know 
the  market  and  price  bracket  he  is  aiming  at; 
what  competitors  offer  and  what  customers  ex¬ 
pect  in  that  class  of  goods.  He  should  also  have 
a  good  knowledge  of  the  materials  available,  the 
work  his  machines  can  do  and  the  skills  of  the 
help  he  employs.  Here  I  am  tempted  to  talk 
about  research  and  surveys  but  for  those  who 
might  regard  such  things  as  expensive  luxuries 
let  me  use  the  term  "find  out.  "  Any  business¬ 
man  can  afford  to  belong  to  a  trade  association 
and  to  organizations  like  the  Forest  Products 
Research  Society.  And  it  is  not  too  expensive 
to  go  out  among  your  customers  and  salesmen 
and  "find  out"  what  people  are  looking  for  and 
what  they  are  expecting.  The  first  thing  that 
is  needed  is  a  zealous  desire  to  contribute 
something  that  will  make  for  better  living  in 
the  home.  Also  needed  is  pride  and  enthusiasm 
for  your  business  and  a  definite  long  range  plan 
for  improving  it. 

With  such  a  background  it  is  not  too  difficult 
to  make  a-long  list  of  features  and  specifications 
that  will  build  quality  into  your  product.  They 
will  all  have  to  do  with  "How  good  will  it  look,  " 
"How  well  will  it  stand  up  under  the  usage  to 
which  it  is  likely  to  be  put"  and  "How  fully  does 
it  serve  the  functions  for  which  it  is  intended.  " 

Here  you  have  to  look  somewhat  beyond  the 
cold  facts  and  consider,  "What  do  people  think?" 
Take,  for  example,  the  matter  of  dustproof 
partitions  and  backs  for  case  goods.  Plywood 
is  the  generally  accepted  specification.  We  have 
made  experiments  which  lead  us  to  believe  that 
hardboard, costing  substantially  less,  would  look 
as  good,  stand  up  as  well  and  satisfactorily  serve 
the  purpose.  However,  inquiries  made  indicate 
that  the  majority  of  our  customers  regard  hard- 
hoard  a  cheap  substitute  and  that  they  would  ex¬ 
pect  a  price  reduction  considerably  greater  than 
could  be  justified  by  the  cost  savings.  So  here 
we  bow  to  "What  people  think"  and  cross  off 
hardboard  as  a  quality  specification  as  far  as  we 
are  concerned. 


Your  quality  list  is  very  likely  to  be  longer 
than  suits  your  business.  There  is  a  practical 
limit  to  the  features  you  can  crowd  into  any  one 
item  or  line.  Even  in  a  high  bracket  line  there 
comes  a  point  where  price  must  be  considered. 

Here  the  problem  is  to  divide  your  list  into 
"least  widely  appreciated"  and  "most  widely 
appreciated.  "  Sometimes  you  will  come  on  an 
in-between  feature  that  is  quite  dramatic,  the 
kind  of  thing  people  are  likely  to  talk  about.  It 
usually  is  smart  to  put  that  feature  in  the  upper 
part  of  your  list. 

quaijIty  objectives 

In  any  event,  whether  your  list  is  actual  or 
mental  it  is  only  by  considering  and  weighing 
such  factors  as  I  have  described  that  you  can 
come  up  with  a  sound  plan  for  quality  control. 

The  final  decision  is  a  matter  of  business 
judgment  but  whether  you  use  a  systematic 
approach  or  play  by  ear  you  must  know  just 
what  you  want  to  accomplish  and  the  reasons 
why--you  must  have  clear  objectives. 

There  is  one  other  thing  about  the  price - 
quality  relationship  that  probably  need  not  be 
said,  but  I  would  like  to  put  it  in  for  the  record. 

No  matter  how  low  the  price  may  be  there  is 
a  point  below  which  quality  should  never  go. 

That  is  where  the  product,  at  least  for  a  reasonable 
period  of  time,  will  not  perform  the  functions  for 
which  it  is  intended.  It  is  now  a  very  long  time 
ago  that  I  visited  a  family  who  had  just  received 
six  brand  new  dining  chairs,  but  I  will  never 
forget  it  as  long  as  I  live.  They  were  a  very 
poor  family  and  probably  bought  the  lowest  priced 
chairs  they  could  get.  Well,  I  was  amazed  when 
we  started  to  sit  in  those  chairs;  three  of  them 
collapsed  completely  and  the  others  showed 
plainly  they  were  dangerous.  If  you  could  have 
seen  the  abject  despair  of  these  poor  people  you 
would  have  been  ready  to  commit  murder.  The 
manufacturer  would  have  done  himself  and  the 
world  more  good  by  shipping  out  soap  boxes  in¬ 
stead  of  those  flimsy  chairs. 

One  more  point  about  top  thinking  and  planning 
for  quality  control — it  should  not  be  a  one-shot 
proposition.  It  should  be  followed  up  and  revised 
as  experience  dictates.  There  would  be  a  con¬ 
stant  search  for  criticism  and  new  ideas. 

Quality  in  any  product  or  commodity  obviously 
has  a  direct  relationship  to  sales.  If  people  get 
rooked  or  otherwise  are  not  reasonably  satisfied 
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with  what  they  get  for  their  money,  they  just 
won't  buy  any  more.  And  a  lot  of  their  friends 
won't  either. 

To  the  average  family  the  purchase  of  furniture 
is  a  heavy  investment.  It  comes  out  of  the  last 
thin  money  left  after  paying  the  everyday  living 
expenses.  Few  families  can  cLfford  to  buy  furni¬ 
ture  out  of  current  income.  Most  have  to  skimp 
and  save ,  or  pay  off  in  installments  over  a 
period  of  time.  In  either  case  they  are  keenly 
aware  of  having  made  a  sacrifice  to  get  what 
they  want  and  they  are  therefore  inclined  to  be 
more  critical  than  in  the  case  of  ordinary  pur¬ 
chases.  They  naturally  expect  furniture  to  last, 
serve  and  look  good  for  a  long  time. 

The  retail  dealer  is  in  business  to  make  a 
profit.  You  help  him  make  a  profit  when  you 
help  please  his  customer --the  consumer.  It 
brings  his  repeat  business  and  smooths  his 
collections  on  installment  sales.  These,  indi- 
dentally,  normally  account  for  about  75  percent 
of  all  retail  furniture  business. 

You  also  help  the  retailer  make  a  profit  when 
you  help  to  keep  his  repair  costs  down.  The 
repair  department  in  the  average  furniture  store 
is  a  heavy  operating  expense.  Besides  this,  it 
ties  up  a  lot  of  money  in  inventory  that  can't  be 
moved.  Furniture  is  sold  mostly  in  suites  or 
sets.  For  example,  if  there  is  a  faulty  dining 
table  in  the  repair  department  it  is  likely  holding 
up  the  selling  or  delivering  of  an  entire  dining 
room  suite.  This  repair -department  expense 
is  so  serious  that  most  big  stores  keep  a  record 
of  it  according  to  manufacturers  and  if  you  should 
be  near  the  top  of  the  list,  you  will  find  it  hard 
to  get  orders. 

Here  is  another  angle  how  quality  affects  sales. 
The  average  furniture  buyer  is  a  busy  man.  He 
can  give  your  salesman  only  a  limited  amount  of 
time  when  he  calls — usually  about  20  minutes  to 
a  half  hour.  If  a  lot  of  this  precious  time  .is  taken 
up  listening  to  the  buyer's  gripes,  your  salesman 
isn't  going  to  write  up  as  much  business  as  he 
should.  That  is  not  all  either.  The  ordeal  is 
likely  to  so  take  the  starch  out  of  your  salesman 
that  he  will  not  have  the  best  selling  enthusiasm 
when  he  faces  the  next  prospect. 

Just  one  more  point  about  quality  versus 
sales --we  in  the  Heywood- Wakefield  Company 
are  among  the  biggest  national  advertisers  of 
furniture.  We  spend  huge  sums  of  money  for 
that  purpose.  Yet  we  honestly  believe — and  our 
experience  over  the  years  confirms  it- -that  our 
product  is  our  best  advertisement.  The  nature 
of  furniture  is  such  that  most  quality  features 
are  hidden — or  at  least  not  quickly  apparent.  The 
average  consumer  is  not  experienced  in  buying 
furniture  and  lacks  confidence  in  his  ability  to 


judge  it.  Your  best  boosters  are  those  who 
have  sold  your  furniture  and  those  who  have 
used  it  and  are  happy  with  the  result.  If  you 
want  an  enthusiastic  sales  force,  if  you  want 
retailers  to  aggressively  promote  your  goods, 
if  you  want  the  most  valuable  advertising  in  the 
world--word  of  mouth  advertising--jcalously 
guard  your  quality  every  day  in  every  way. 

DISCUSSION 

PAUL  H.  GRAHAM,  National  Hardwood  Maga¬ 
zine:  Can  low  grade  hardwood  defects  be  empha¬ 
sized  for  ornamentation  as  is  done  with  knotty 
pine  ?  Could  defects  be  treated  to  feature  ? 

MR.  PARISH:  Numerous  examples  are 
found  in  good  colonial  antiques.  Public  toda-’^  is 
schooled  in  the  machine  age,  and  expects  per¬ 
fection  of  wood  as  in  metals  and  plastics. 

SAMUEL  AYRES,  Samuel  Ayres,  Jr.  Asso¬ 
ciates  Industrial  Design:  This  would  be  a  risk'/ 
venture  in  most  instances.  Knotty  pine  may 
occasionally  be  used  either  for  low  -  cost  furni¬ 
ture  or  paradoxical!/  for  expensive  cabinetry. 
There  are  a  few  other  woods  such  as  wormy 
chestnut  that  might  be  used  to  advantage. 

F.  E.  DICKINSON,  Yale  School  of  Forestry: 
What  part  does  packaging  play  in  your  quality 
control  program? 

MR.  POSSER:  Quality  Control  should  not  end 
until  the  goods  are  Sedely  delivered.  Therefore, 
packaging  is  important  to  assure  protection  in 
transit  between  factory  and  customer. 

ROY  M.  CARTER,  N  C.  State  College:  Why 
are  quality  control  men  laid  off  just  when  busi¬ 
ness  gets  bad? 

MR.  POSSER:  This  is  not  necessarily  a  fact. 

It  varies  "with  the  institution;  sometimes  expenses 
just  must  be  cut  and  they  are  generally  treated 
the  same  as  the  production  men. 

L.  G.  DAIGNAULT,  Dufresne,  McLagen  & 
Ass.  Regd.  :  Crating  affects  quality.  I  have  seen 
furniture  shipped  by  trucks  on  hauls  of  600  miles 
and  less  without  the  use  of  crating.  Is  this  a 
usual  practice  and  how  does  it  ciffect  quality  and 
sales  ? 

MR.  POSSER:  It  is  not  usual  practice.  Some 
large  manufacturers  now  delivering  by  truck  direct 
from  plants  use  blankets  etc.  ,  between  same  as 
moving  companies  do.  Many  retailers  like  this 
method  of  shipment  as  it  saves  disposing  of  crates 
and  refinishing  of  furniture  but  does  not  answer 
for  all  cases.  Department  stores  do  not  like  this 
method  as  they  have  storage  problems.  Deliveries 
by  truck  are  not  practical  on  shipments  of  over 
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600  miles. 

.JOHN  W.  GRANT,  General  Electric  Co.  : 

Why  is  most  furniture  made  of  solid  lumber  and 
television  cabinets  made  of  veneer  ? 

MR.  PCSSER:  This  question  was  directed  at 
Heywood-Wakefield  specifically  and  Gardner 
manufacturers  generally.  In  this  area  very  little 
veneer  furniture  is  made.  We  are  originally  in  a 
chair  area.  Chairs  are  made  of  solid  wood  and 
when  we  went  into  case  goods  we  stayed  in  solid 
woods  because  we  understand  them  best. 

KENNETH  A.  WILSON,  Synvar  Corp.  :  Should 
your  salesmen  become  more  familiar  with  con¬ 
struction  detail  and  quality  control? 

MR.  POSSER:  I  think  it  desirable  to  give 
salesmen  all  possible  information  on  this  subject, 
but  don't  insist  that  they  apply  it  as  a  factory  man 
would.  There  are  many  appeals  other  than  quality 
that  affect  the  closing  of  a  sale.  Let  the  sales¬ 
man  select  them  and  use  them  as  best  meets  the 
situation. 

C.  F.  VAN  EPPS,  Stromberg-Carlson  Co.  : 

Mr.  Posser's  answer  is  excellent.  However,  in 
our  literature  we  point  out  that  our  veneers  may 
be  a  special  cut,  the  styling  is  by  some  well- 
known  designer,  the  finish  is  hand  rubbed,  or 
hand  decorated,  etc  .  We  believe  that  this  informa¬ 
tion  helps  in  merchandising  the  article 

MR.  GRANT:  Is  it  possible  through  market 
surveys  or  design  to  see  how  you  can  reduce 
customer  quality  without  customers  resenting  it? 

MR,  POSSER:  I  do  not  think  there  is  a  general 
answer  to  that  question.  It  depends  on  the  times 
and  the  customers  you  have  to  please.  There  are 
also  minimums  to  maintain  if  reputations  are  to 
be  kept  intact. 

E.  P.  CHARAK,  JR.,  Charak  Furniture  Co.: 
Are  there  any  limitations  to  using  panels  in  con¬ 
structions  compared  to  solid  wood?  Do  you  find 
you  have  to  limit  your  designs? 

MR.  POSSER:  Speaking  strictly  from  our  own 
standpoint,  our  kiln  drying  capacity  limits  our 
production.  We  make  only  solid  wood  furniture  - 
use  no  plywood  panels.  As  to  design  limitation, 
you  wouldn't  think  of  using  plywood  in  Early 
American  designs;  they  call  for  solid  wood. 

ON  MOISTURE,  BENDING,  FINISHING 

L.  G.  DAIGNAULT,  Dufresne,  McLagenCo.: 
Please  give  steaming  time  for  1"  lumber;  also 
drying  time. 


TOD  ASIK  AINEN,  Heywood-Wakefield  Co.  : 
Taking  into  consideration  moisture  content  of 
stock  is  25%,  the  following  applies: 

Steaming  Time 

1/2  hour  to  45  min.  ...  4/4  stock 
1/2"  or  under.  .  .  no  steam  except  if  bend  is 
severe  radius ,  then  steam  approximately 
15  to  20  min. 

1-1/4"  or  1-1/2"  .  .  .first  wet  down  with  hose, 
then  steam  one  day  ahead  for  one  hour  thus 
leaving  the  wood  in  a  moistened  condition. 

Next  day  steam  two  hours.  Then  ready  for 
use.  If  moisture  content  of  stock  is  on  djy 
side,  the  steaming  time  will  have  to  be 
increased  accordingly.  This  applies  to  all 
dimensions. 

Drying  Time 

Drying  time  in  presses  of  the  following: 

13/16  ...  1  1/2  hrs.  in  press 
1/2"  ...  1  hr,  or  less  in  press 

The  following  hand  or  machine  bends  bent  on 
cast  iron  or  steel  forms  are  dried  in  ovens 
250°F. 

Seat  Boxings  51"  x  2-3/4  "  x  7/8"  -  5  hrs. 
in  oven 

7/8  "  ash  dowels  2-1/2  to  3  hrs.  in  oven 
1-1/8"  ash  dowels  Approximately  4  hrs.  in 
oven  * 

J.  N.  TYNAN,  A.  G.  Spaulding  Co.  :  Is 
mo^ture  put  in  first?  How  long  a  steaming 
period  for  bending  solid  wood? 

FRANK  PARRISH,  Heywood-Wakefield: 
Generally  on  stock  thicker  than  1/2"  moisture 
beyond  the  air  dried  content  (30  to  35%  ideal) 
is  added  when  stock  is  steamed.  Steaming 
(heat)  does  help  the  water  to  plasticise  the  wood. 
On  stock  under  1/2"  thick,  it  can  be  softened 
with  heat  alone  (in  steam  presses)  to  bend  per¬ 
fectly.  Steaming  period  generally  is  about  1/2 
hour  on  4/4  stock. 

KENNETH  WATSON,  Standard  Furn.  Co.  : 

(1)  In  Du  Lux,  how  long  in  the  drying  time  ? 

(2)  Does  heat  have  an  affect  on  the  glue  line? 

EMILE  RICHARDS,  Heywood-Wakefield: 

1.  20  min.  D.  T.  stain  oven 

20  min.  Cooling 

17  min.  Drying  time  sealer  oven 
sanded 
Du  Lux  coat 

30  min.  at  room  temperature  -  flash  period 
90  min.  at  135°  -  27%  humidity 
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Quality  Control  and  its  Relation  to  Product  Cost 

S.  R.  CURTIS,  Vice  President  and  General  Manager,  Radio  and 
Television  Division,  Stromberg-Carlson  Company,  Rochester,  N.  Y. 


Management  normally  has  the  function 
through  its  Design,  Sales,  and  Production 
divisions  of  establishing  a  quality  level  for  the 
product  being  manufactured.  Quality  control 
from  this  point  forward  sets  up  the  machinery 
by  which  this  quality  level  is  maintained.  Nor¬ 
mally  quality  control  presents  a  systematic 
approach  to  the  study  of  defect  and  reject  fre¬ 
quency,  and  through  statistical  analysis  of  this 
data  provides  a  simplified  sampling  procedure 
which  can  work  a  definite  economy  over  normal 
inspection  procedures. 

To  function  effectively,  quality  control  must 
be  able  to  predict  performance  from  definite 
patterns  determined  mathematically  or  from 
actual  production  records.  This  assumes  most 
of  the  variables  in  the  process  known  and  under 
control  within  the  limits  of  skill  of  the  operators 
or  the  machines  being  used  in  the  process.  Just 
why  this  does  not  work  out  effectively  in  the 
wood  utilizing  industries  may  be  answered  either 
by  the  non-homogeneous  nature  of  wood  itself, 
or  by  the  nature  of  the  product  and  the  equip¬ 
ment  available  for  the  job — or  perhaps  by  the 
lack  of  some  truly  pioneering  work  in  this  field 
which  must  be  underwritten  by  enlightened 
management.  In  any  event  we  will  agree  that 
statistical  quality  control,  as  defined  above,  is 
not  the  process  by  which  we  maintain  our  quality 
level.  Yet  we  do  adhere  rigidly  to  quality  stand¬ 
ards. 

DESIGN  AND  CONSTRUCTION  FAC¬ 
TORS  IN  QUALITY  STANDARDS 

Quality  level,  as  pointed  out  above,  must  first 
be  defined — in  terms  satisfactory  to  several 
groups  in  Management.  Sales  being  familiar 
with  the  market,  dememds  function,  appearance, 
and  price.  Design  fits  function  to  appearance 
and  works  to  the  price  set  by  Sales.  Production 
insists  on  the  practical  and  obtainable  aspects 
of  the  item. 

De  Luxe  quality  may  not  always  be  functional. 
Extra  dollars  spent  on  design,  construction, 
materials,  and  finish  must  provide  sufficient 
advantage  to  underwrite  the  dollars  spent.  On 
the  other  hand,  cabinets  which  are  strictly 
functional  could  be  simple  crates.  Somewhere 
between  these  two  extremes  comes  the  great 
volume  of  radio  and  television  cabinets— funct¬ 
ional,  at  a  price  the  public  can  aifford. 

Design  decides  on  proportion,  color,  and 
function.  Period  designs  fit  harmoniously  with 


most  home  furnishings.  But  the  touches  of 
authenticity  for  period  designs  are  sometimes 
expensive  to  execute  in  a  cabinet  shop — and 
sometimes  fail  in  functionality.  Proportion 
must  be  matched  to  function.  A  four -door 
Hepplewhite  may  require  four  expensive  crotch 
veneered  panels  to  be  authentic,  or  we  may 
substitute  a  simple  swirl,  simplifying  further 
to  ribbon  stripe — or  ultimately  to  a  transfer 
type  of  crotch  reproduction.  All  of  this  can  be 
accomplished  while  still  maintaining  the  basic 
design.  Mahogany  may  be  the  accepted  cabinet 
wood  par  excellence.  But  we  can  band  the  top 
with  poplar  for  shaping,  make  the  partition, 
frame,  and  base  of  poplar  or  go  further  to  in¬ 
clude  door  frames — all  resulting  in  a  reasonable 
reproduction  of  original  Hepplewhite.  How  far 
we  can  go  in  design  economies  depends  on  the 
skill  of  our  creUtsmen  auid  the  quality  demands 
of  our  market. 

Construction  and  materials  involve  many 
features.  If  suppliers  can  be  controlled  by 
reasonable  specifications,  we  may  accept  ma¬ 
terials  which  are  obtainable  at  reduced  price 
and  suitable  quality.  This  implies  careful  in¬ 
spection  of  incoming  stock.  Lumber  is  checked 
for  conformance  with  National  Hardwood  Lumber 
Association  Grades.  Plywood  is  checked  for 
conformance  with  Commercial  Standard  Grades. 

It  is  not  necessary  to  specify  boil-proof  plywood 
where  well-bonded  moisture  resistant  stock 
will  serve  as  well.  Core  stock  must  lay  flat 
and  shape  well,  holding  a  plane  surface  on  the 
veneer  that  must  take  a  finish.  Lumber  must 
be  properly  selected  and  dried.  It  is  in  these 
respects  that  very  little  compromise  on  quality 
can  be  tolerated. 

In  materials  handling  and  construction,  economy 
is  the  prime  requisite.  This  is  accomplished, 
with  no  compromise  in  quality,  by  suitable  sched¬ 
uling,  planned  flow  patterns,  and  modern  equip¬ 
ment. 

Construction  begins  at  the  rough  end  of  the 
shop.  Accuracy  in  cutting  and  machining  re¬ 
sult  in  simple  and  correct  assembly.  Quality 
in  these  operations  is  reflected  by  quality  in 
the  finished  product.  Sample  cabinets  at  this 
point  are  checked  per  drawing  for  dimension 
conformance.  Inspection  for  quality  control  at 
every  machining  point  is  economically  impos¬ 
sible  so  that  skilled  personnel  on  the  set-up  of 
the  double-end  tenoner,  stickers,  drills  and 
shapers  will  definitely  pay  off.  Fixture  men 
for  drills,  routers,  shapers,  and  sanders  must 
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be  first  class.  It  is  at  this  point  that  control 
of  quality  depends  upon  skilled  personnel — 
the  results  are  economical  assembly  with  minor 
rejections. 

Finishing  is  the  point  where  the  majority  of 
rejections  occur,  but  they  are  an  accumulation 
also  of  defects  from  machining,  sanding  and 
assembly — showing  only  after  the  finish  is  ap¬ 
plied.  This  means  that  final  inspection  in  the 
white  must  be  a  careful  screening  of  defects  to 
prevent  excessive  repair  after  finishing.  Dents, 
scratches,  open  joints,  sand  through,  and  loose 
veneer  must  be  discovered  at  this  point. 

Finishing  allows  the  widest  latitude  in  selec¬ 
tion — the  ultimate  product  determining  the  cost. 
Quality  materials  are  essential  with  chemical 
control  a  necessity.  In  the  Radio  Manufacturers 
Association  finishing  specifications  such  details 
as  cold  check,  print  resistance,  alcohol  resis¬ 
tance,  and  others  are  held  within  limits  which 
guarantee  quality  finishes.  All  systems  are 
laboratory  checked  before  use. 

The  application  of  the  finish  requires  com¬ 
petent  supervision;  for  in  the  staining,  filling, 
shading,  sealing,  top  coating  and  rubbing  each 
step  is  a  potential  source  of  rejects.  Inspection 
through  the  final  rubbing  detects  spots  for  touch- 
up  and  burn-in  which  is  the  final  finishing  opera¬ 
tion  before  polishing.  After  this  operation, 
final  inspection  begins.  This  inspection  is  neces¬ 
sarily  100  percent,  each  cabinet  being  carefully 
checked. 

QUALITY  STANDARDS  AND 
INSPECTION 

Once  quality  standards  are  established  they 
become  the  basis  for  all  subsequent  production. 
They  must  be  simple  in  interpretation  and 
thoroughly  consistent.  Simplicity  of  standards 
insures  complete  agreement  as  to  the  accepta¬ 
bility  of  the  finished  cabinet  or  any  component. 
Finishes  are  standardized  simply  by  matching 
to  standard  panels  and  a  master  cabinet. 

Consistent  standards  are  necessary  to  main¬ 
tain  the  quality  level — which  simply  means  we 
must  have  the  same  standard  every  day  regard¬ 
less  of  contingencies.  If,  for  sufficient  reasons, 
we  decide  to  waive  some  requirement  temporar¬ 
ily,  it  should  be  restored  quickly.  To  do  other¬ 
wise  is  to  invite  gradual  deterioration  in  quality. 
Since,  in  the  woodworking  business ,  so  much 
depends  on  the  judgment  of  inspectors,  it  is 
important  to  have  inspection  standards  available - 
and  to  stick  to  them. 

In  the  first  run  of  any  item,  trouble  will  gener¬ 
ally  develop  in  meeting  specifications  and  stand 
ards.  If  at  such  a  time,  compromises  in  quality 


are  made  in  order  to  keep  production  up  to  a 
schedule  and  are  not  followed  up  quickly,  the 
compromise  tends  to  become  permanent;  since 
if  we  settle  for  something  inferior  today  we 
establish  a  feeling  that  we  should  take  it  tomorrow. 
It  is  always  harder  to  back-track  and  raise  our 
sights  again  to  get  the  right  quality  than  to  do 
it  right  in  the  first  place.  We  should  not  allow 
the  practice  to  gain  ground,  of  letting  a  process 
run  when  the  product  is  just  borderline.  If  we 
do  so,  then  the  day-to-day  troubles  which  we 
would  ordinarily  clean  up  in  our  stride  may  be¬ 
come  disastrous  by  pushing  us  too  far  over  the 
borderline. 

FIRST  PIECE  INSPECTION 

In  the  above  discussion  we  pointed  out  the  need 
for  100  percent  final  inspection  of  cabinets.  This 
is  obviously  a  challenge  to  process  engineers, 
design  engineers,  and  production  supervision, 
since  it  represents  a  potential  source  of  cost  re¬ 
duction  in  product  improvement.  One  method  of 
relieving  this  problem  is  the  so-called  "first- 
piece"  inspection.  This  works  out  well  where 
machining  processes,  jigs,  and  fixtures  assure 
uniformity.  This  assures  that  the  process  is 
starting  right.  The  first  pieces  produced  are 
inspected  and  held  by  inspection  until  the  run 
is  completed  and  used  up  or  shipped--all  other 
inspection  being  eliminated.  This  is  especially 
necessary  on  short  runs,  but  where  machinery 
a^d  tools  are  in  good  condition,  it  is  also  the 
most  economical  inspection  on  steady  runs. 

THE  JOB  OF  CONTROLLING 

QUALITY 

A  trite  but  true  statement  on  quality  is  simply, 
"You  cannot  inspect  quality  into  your  product, 
you  have  to  build  it  in.  "  The  emphasis  in  recent 
years  on  systems  of  statistical  quadity  control 
has  tended  to  promote  a  false  impression  of  the 
need  for  a  shifting  of  the  responsibility  for  quality 
maintenance  from  the  designer  and  the  production 
supervision  over  to  a  quality  control  staff.  This 
is  fundamentally  wrong.  The  control  of  quality 
is  the  responsibility  of  every  worker  and  super¬ 
visor  who  is  engaged  in  any  phase  of  operations. 
The  worker  must  be  held  responsible  for  the 
quality  of  his  work.  The  supervisors  must  be 
responsible  for  the  quality  of  workmanship  and 
for  the  over -all  product  quality.  They  must  not 
be  satisfied  with  make -shift  methods  or  inferior 
work  merely  because  some  inspector  can  be  per¬ 
suaded  or  pressured  into  accepting  sub-standard 
goods .  Quality  is  controlled  by  the  people  who 
■  make  the  product,  not  by  the  staff  supervisors, 
staticians,  or  inspectors,  because  the  people  who 
make  the  product  are  the  ones  vlto  must  build 
the  quality  into  it. 
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DISCUSSION 

J.  HOWARD  SMITH,  New  York  College  of 
Forestry:  In  maintaining  constant  inspection  of 
incoming  materials,  do  you  feel  that  it  tends  to 
increase  cost? 

MR.  VAN  EPPS:  No.  The  purpose  of  main¬ 
taining  constant  inspection  of  incoming  materials 
is  to  reduce  the  cost  -  assuming  that  >ve  are  go¬ 
ing  to  maintain  a  constant  quality  level.  In  this 
manner  we  are  able  to  stop  costly  rejections 
before  the  parts  are  partially  fabricated.  We 
know  that  this  operates  effectively  because  of 
the  number  of  rejections  which  are  found  at 
this  point. 

M.  V.  KOONZ,  Seth  Thomas  Clocks:  Do 
you  have  a  training  program  for  your  wood 
workers  ?  Please  explain. 

MR.  VAN  EPPS:  No.  No  formal  program  of 
training.  The  general  practice  is  to  bring  a  man 
from  one  operation  to  another  as  he  progresses 
up  to  supervisory  jobs.  Workers  are  moved 
around  to  utilize  their  best  skill  . 

HAROLD  CHARLES,  Stromberg-Carlson: 
Individual  check  -  move  a  man  around  until  best 
skill  is  found. 

JAMES  OWENS,  New  York  College  of  For¬ 
estry:  How  much  trouble  is  experienced  when 
changing  from  day  work  to  time  study  jobs  or 
vice  versa? 

MR.  VAN  EPPS:  On  a  piece  basis  every  man 
produces  as  much  as  possible.  Under  these 
circumstances  quality  must  be  carefully  inspec¬ 
ted.  Under  the  Scanlon  Plan,  a  modified  profit 
sharing  plan,  the  workers  improve  quality  spon¬ 
taneously  since  it  is  to  their  advantage  to  have 
every  piece  accepted.  Generally  speaking, 
quality  control  is  more  difficult  on  a  piece  rate 
basis  than  it  is  on  a  day  work  basis  Conversely, 
quantity  is  more  difficult  to  maintain  on  a  day 
work  basis  than  it  is  on  a  piece  work  basis. 

R.  C.  FRAUNBERGER,  Philco  Corp.  :  Is 
quality  in  the  area  of  collective  bargaining  or 
is  it  a  management  prerogative  ? 

IvlR.  VAN  EPPS:  Quality  Control  is  a 
separate  department  responsible  only  to  the 
Manager  of  the  Division.  Collective  bargain¬ 
ing  enters  the  picture  only  at  the  point  of  set¬ 
ting  a  rate  on  a  given  job.  Under  certain  con¬ 
ditions  the  operator  may  feel  that  his  rate  does 
not  permit  a  quality  job  being  done.  This  is 
then  corrected  or  compromised.  Under  a  bonus 
plan  it  is  obvious  that  the  workers  themselves 
can  guard  against  a  decline  in  qualitv  as  the 
parts  pass  through  the  various  manufacturing 


processes.  For  example,  if  the  cabinets  are 
not  sanded  properl  and  reach  the  Finishing 
Room  in  that  condition,  the  finishers  immed¬ 
iately  object  and  force  the  sanding  departments 
to  improve  their  job.  In  general,  however, 
quality  control  is  a  management  function  only. 

DE  WITT  SKINNER,  Harry  A.  Skinner  & 

Son:  Do  you  have  a  program  to  acquaint  sup¬ 
plier  with  quality  ? 

MR.  VAN  EPPS:  Our  program  of  acquaint¬ 
ing  the  cabinet  supplier  with  our  level  of  quality 
is  reasonably  simple.  It  is  accomplished  thru 
our  master  cabinet  which  forms  the  basis  for 
agreement  for  the  quality  level  to  be  produced. 

It  works  this  way;  a  sample  cabinet  is  made 
and  furnished  the  supplier  illustrating  the  grade 
of  workmanship  we  require  and  the  finish  neces¬ 
sary.  We  insist  upon  acceptance  of  this  quality 
level  as  a  standard  by  the  supplier. 

NORMAN  BOYARSKY,  New  York  College  of 
Forestry:  Do  your  customers  help  to  set  the 
qualit '  standards.? 

MR.  VAN  EPPS:  Customers  help  to  set  the 
quality  standards  and  to  maintain  quality  stan¬ 
dards.  Distributors  are  our  direct  customers. 
They  have  very  close  contact  with  the  ultimate 
customers  and  they  know  what  will  sell  and 
what  will  not  sell.  During  a  long  period  of  con¬ 
tact  with  the  producers  of  a  given  company,  the 
distributor  can  determine  when  quality  is  fall¬ 
ing  off,  and  can  take  steps  to  immediately  bring 
this  to  the  attention  of  the  manufacturer.  The 
distributor  also  knows  what  quality  will  be 
demanded  by  the  ultimate  consumer  in  a  given 
price  bracket  and  consequently  his  opinion  is 
valuable  in  establishing  manufacturing  lines. 

ARTHUR  H.  HAIGH,  JR.,  Allen  B.  DuMont 
Labs:  Please  elaborate  on  the  practicability 
of  your  "Master  Cab".  Plan  for  controlling 
color  and  workmanship  of  "outside"  cabinet 
vendors.  Just  how  well  does  it  work  now,  in 
the  present  cabinet  builders'  market,  where 
almost  anything  goes  ? 

MR.  VAN  EPPS:  In  most  plants  where  cab¬ 
inets  are  made  for  our  company  we  establish 
quality  through  our  master  cabinet  plan  in  re¬ 
gard  to  finish  and  workmanship,  and  then  main¬ 
tain  this  quality  by  stationing  inspectors  at 
these  plants  to  inspect  cabinets  to  these  stan¬ 
dards  before  they  are  shipped  to  our  plant.  In 
the  present  market  we  do  not  work  on  the  as¬ 
sumption  that  anything  goes  because  of  the 
tremendous  consumer  demand,  but  rather  hold 
our  suppliers  to  rigid  quality  standards.  This 
means,  however,  that  the  quality  level  which  we 
establish  must  be  something  that  the  suppliers 

agree  is  practical  and  possible  for  him  to  fur¬ 
nish. 
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Second-Growth  Douglas  Fir  Lumber 

E.  E.  MATSON,  Pacific  Northwest  Forest  and 
Range  Experiment  Station,  Portland,  Oregon 


HE  DOUGLAS  fir  lumber  industry  is  now 
in  a  transition  period  of  changing  from 
old-grovrth  to  second-growth  timber.  Prior 
to  1940  there  was  only  a  limited  amount  of 
second  growth  cut.  At  present  it  is  estimated 
that  at  least  one-quarter  of  the  lumber  pro¬ 
duction  comes  from  these  young  stands.  This 
transition  trend  will  continue  until  eventually 
the  whole  industry  will  be  deoendent  on  young 
timber  stands  for  their  entire  raw  material 
supply.  When  this  time  is  reached,  what  kind 
of  lumber  will  we  produce  and  will  this  lumber 
be  of  a  type  satisfactory  to  our  customers  ? 

Second-growth  timber  is  a  rather  loose 
term.  According  to  the  Douglas  fir  Second- 
Growth  Management  Committee  it  is  considered 
to  be  timber  up  to  160  years  of  age.  However, 
much  of  the  lumber  in  the  future  will  come 
from  younger  stands  as  much  of  the  present 
day  planning  calls  for  rotation  ages  of  around 
100  years  or  less.  It  is  thought  that  these 
periods  will  give  the  best  results  on  volume 
growth.  A  few  studies  have  been  made  at  the 
Pacific  Northwest  Forest  and  Range  Experiment 
Station  that  give  a  good  indication  of  what  can 
be  expected  in  lumber  grades  from  these  young 
age  classes. 

SECOND  GROWTH  STUDIES 

In  1947  a  study  was  made  at  four  small  milis 
in  western  Washington  which  were  operating 
entirely  on  second-growth  Douglas  fir.  The 
primary  purpose  of  this  study  was  to  determine 
what  grades  of  lumber  could  be  expected  from 
this  type  of  timber.  Some  data  on  operating 
costs  and  overrun  were  also  collected. 

These  mills  were  of  approximately  15  M 
daily  capacity,  cutting  rough  green  lumber, 
chiefly  dimension,  plank,  small  timbers,  and 
ties.  Study  logs  came  from  Douglas  fir  stands 
ranging  from  50  to  80  years  in  age  and  of 
medium  quality.  There  were  1,143  logs  included 
in  the  study  with  a  diameter  range  of  6  to  28 
inches,  averaging  14  feet  in  length,  scaling 
in  total  a  little  over  96  M  board  feet  Scribner 
rule.  Defect  was  less  than  one  percent. 

A  total  of  98  M  board  feet  of  lumber  was 
produced  from  these  logs  which  gave  an  over¬ 
run  of  2.  2  percent.  Overrun  was  low  for  two 
reasons.  First,  the  logs  were  scaled  in  short 
lengths  as  sawed  on  the  head  rig,  and  secondly, 
utilization  of  material  in  slabs  was  not.  very 


good.  It  is  estimated  that  overrun  would  have 
been  at  least  17  percent  if  the  logs  had  been 
scaled  in  long  lengths  zis  they  were  hauled  from 
the  woods.  No  allowance  is  made  in  the  Scrib¬ 
ner  log  rule  for  taper;  therefore,  the  longer 
the  log  the  greater  the  overrun. 

I 

Lumber  quality  was  suprisingly  good.  Eighty 
percent  of  the  lumber  produced  was  No.  1 
Common  or  better  grades,  17  percent  was  No. 

2  Common,  and  the  other  3  percent  was  No.  3. 

We  have  just  finished  another  second-growth 
mill  study  which  gave  lumber  recoveries  com¬ 
parable  to  those  obtained  from  the  Washington 
mills.  The  study  just  completed  was  carried 
on  at  the  Fall  Creek  Lumber  Company's  Swede 
gang  mill  near  Springfield,  Ore.  This  mill 
is  equipped  with  a  24-inch  gang  head  rig,  a 
6-  by  48-inch  four-saw  edger,  and  a  short  green 
chain.  It  is  powered  by  a  150  horsepower 
Diesel  motor.  A  crew  of  8  men  produced  an 
average  of  23  M  board  feet  of  lumber  per  8-  • 
hour  day.  Only  2  by  4's  and  2  by  6's  were 
produced. 

Logs  for  the  mill  study  came  from  a  timber 
management  thinning  experiment  in  cooperation 
with  the  Fall  Creek  Lumber  Company.  The 
stand  consisted  of  90-year -old  site-III  timber 
which  has  average  47  M  board  feet  of  saw  logs 
per  acre.  Apparently  this  stand  has  been  quite 
well  stocked  for  some  time.  Limbs  are  small, 
and  most  lower  limbs  have  shaded  off,  leaving 
better-than-average  clear  boles  for  a  stand  of 
this  age.  The  poorest  25  percent  of  the  timber 
volume  was  removed  in  the  thinning. 

Long  logs  hauled  from  the  woods  were  dumped 
in  the  mill  pond  where  they  were  bucked  into 
shorter  lengths,  chiefly  16  feet.  During  the 
2-day  study  355  long  logs,  which  were  bucked 
into  833  shorter  lengths,  were  put  through  the 
mill.  Individual  data  on  lumber  recovery, 
sawing  time,  and  overrun  were  obtained  for 
all  of  these  logs. 

Overrun  of  lumber  tally  over  Scribner  log 
scale  for  the  833  short  logs  was  15  percent. 
Overrun  was  not  as  high  as  expected  for  this 
type  of  mill  and  timber.  If  1-inch  lumber  had 
also  been  cut,  overrun  would  have  been  greater, 
some  of  the  slabs  going  to  the  burner  contained 
board  material.  Another  reason  for  the  low 
overrun  was  that  the  short  logs  gave  little  ad¬ 
vantage  in  taper.  Comparing  woods  scale  on  the 
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long  logs  with  lumber  tally  gave  28  percent 
overrun.  This  latter  figure  is  the  one  that 
should  be  used  as  logging  costs  and  purchased 
logs  were  measured  on  the  basis  of  long  lengths 
as  loaded  on  the  trucks. 

Logs  in  this  study  were  of  two  grades. 

Those  under  12  inches  in  diameter  were 
automatically  No.  3  sawmill  logs  on  account 
of  size.  Those  logs  12  inches  and  over  in 
size  were  all  No.  2  sawmill  logs  except  for 
2  or  3  very  rough  logs.  Therefore,  there 
was  no  necessity  to  show  lumber  grade  re¬ 
covery  by  separate  log  grades.  Actually 
the  smaller  logs  produced  a  better  grade  of 
lumber  on  the  average  than  those  12  inches 
and  over  in  diauneter.  This  difference  is  due 
primarily  to  the  fact  that  the  bigger  logs 
came  from  the  more  open  grown  trees,  which 
had  produced  big  limbs.  On  the  other  hand, 
the  smaller  logs  came  primarily  from  densely 
grown  trees  that  had  not  received  enough  sun¬ 
light  to  produce  big  limbs.  We  obtained  ap¬ 
proximately  the  same  results  in  the  Washing¬ 
ton  study;  that  is,  all  log  sizes  produced  at 
least  65  percent  No.  1  Common  or  better 
lumber,  which  is  the  requirement  for  a  No.  2 
sawmill  log.  Minimum  diameter  for  the  No. 

2  sawmill  grade  is  12  inches;  therefore,  those 
of  smaller  diameter  fall  automatically  into 
the  lower  grade. 

Lumber  grade  recovery  from  the  Fall  Creek 
second  growth  was  a  little  better  than  obtained 
in  the  Washington  study.  However,  this  was 
expected  as  the  timber  was  older,  the  stands 
were  denser  and  of  better  quality.  The  Fall 
Creek  logs  produced  an  average  of  89  percent 
No.  1  Common  or  better,  which  was  9  per¬ 
centage  points  better  than  obtained  in  Washing¬ 
ton.  Lumber  recovery  by  log  diameters  for 
the  two  studies  has  been  combined  by  un¬ 
weighted  averages  in  Table  1. 

Average  lumber  recoveries  for  the  two 
areas  are  32  percent  select  structural  and 
select  merchantable,  53  percent  No.  1  Com¬ 
mon,  13  percent  No.  2  Common,  and  2  per¬ 
cent  No.  3  Common  grades.  These  figures 
indicate  that  young  second-growth  stands  are 
capable  of  producing  good  lumber  in  the  struc¬ 
tural  and  common  grades.  On  the  other  hand, 
they  produce  no  lumber  in  the  clear  grades 
which  is  so  important  in  the  Douglas  fir  trade. 
At  present  virtually  all  of  the  clear  grades  of 
Douglas  fir  lumber  are  obtained  from  timber 
over  100  years  old. 

It  is  more  difficult  to  obtain  average  lum¬ 
ber  recovery  data  for  the  old-growth  timber. 
These  stands  vary  much  more  in  quality  than 
does  second-growth  timber.  Also,  there  are 
not  many  mills  that  cut  camp-run  logs.  Peeler 


logs  are  usually  sold  or  traded  to  plywood  plants. 
A  few  lumber  grade  recovery  studies  have  been 
made  at  mills  cutting  old-growth  Douglas  fir 
timber.  The  last  two  of  these  studies  com¬ 
pleted  were  at  mills  in  Oregon  cutting  camp- 
run  logs.  Even  here  we  did  not  get  a  true  woods 
run  average  as  we  attempted  to  get  a  good 
sampling  by  log  grades.  However,  these  two 
studies  plus  information  on  lumber  shipments 
give  an  indication  of  old-growth  lumber  recov¬ 
eries. 

One  of  these  studies  was  in  cooperation  with 
the  Austa  Lumber  Company  west  of  Eugene, 

Ore.  Timber  was  small,  old  growth  of  poorer 
quality  than  average  for  that  territory.  The 
other  was  at  the  Dollar  Lumber  Company  opera¬ 
tion  in  southern  Oregon.  Timber  in  this  study 
was  large  old-growth  fir  of  about  average 
quality  for  that  general  territory.  Between 
one  fourth  and  one-third  of  the  total  lumber 
production  over  a  two  weeks'  period  was  in¬ 
cluded  in  each  test.  At  the  Austa  mill  we  ob¬ 
tained  individual  log  data  on  1,000  logs  which 
produced  almost  400  M  board  feet  of  lumber. 
Four  hundred  and  thirty-six  logs  made  up  the 
sample  at  the  Dollar  Lumber  Company.  These 
logs  produced  about  300  M  board  feet  of  lumber. 

Lumber  grade  recovery  from  these  two 


studies  was  as  follows: 

Austa  Lum- 

Dollar  Lurn- 

Lumber  Grades 

ber  Company 

ber  Company 

B.  and  Btr. 

Percent 

Percent 

10 

C. 

11 

18 

D. 

1 

2 

Sel.  Struct. 

23 

21 

Sel.  Merch. 

18 

7 

No.  1 

23 

18 

No.  2 

14 

13 

No.  3 

8 

8 

No.  4 

2 

3 

Total 

100 

100 

SECOND-GROWTH  DOUGLAS  FIR  LUMBER 


Table  1.  --Second-growth  Douglas  fir  lumber 
grade  recoveries  by  log  diameter. 


Lumber  grade 


Diasi. 

Sel>  struct* 
and 

Vo.  1 

Ho.  2 

Ho.  3 

Inches 

sel*  oerch* 
Percent 

Percent 

Percent 

fgrcent 

8 

19 

70 

9 

2 

9 

24 

64 

10 

2 

10 

28 

6o 

10 

2 

11 

31 

56 

11 

2 

12 

33 

53 

12 

2 

13 

35 

50 

13 

2 

14 

'  36 

48 

14 

2 

15 

37 

47 

14 

2 

l6 

37 

45 

16 

2 

17 

36 

45 

17 

2 

18 

35 

44 

19 

2 

19 

34 

44 

20 

2 

20 

32 

44 

21 

3 

21 

29 

45 

22 

4 

Average 

32 

53 

13 

2 

Company  records  showed  a  little  higher  per¬ 
centage  of  the  clear  grade  being  obtainecLat 
the  Austa  mill  and  a  little  less  at  the  Dollar 
mill  than  obtained  during  the  trial  run. 

Information  obtained  from  the  shipment  of 
2  billion  feet  of  lumber  from  West  Coast  mills 
during  1947  showed  11  percent  as  B  and  Btr. , 

8  percent  as  C.  ,  and  8  percent  as  D  clear 
grades.  This  information  plus  that  obtained 
from  studies  completed  indicates  that  even 
with  the  large  volumes  of  the  best  logs  going 
to  plywood  plants,  the  Douglas  fir  mills  are 
producing  around  15  to  20  percent  of  B  and  C 
clear  grades.  It  is  believed  that  Douglas  fir 
mills  must  continue  to  produce  clear  grades 
of  lumber  if  they  are  to  maintain  their  strong 
position  in  the  lumber  trade.  How  can  this 
be  done  as  we  become  more  and  more  depend¬ 
ent  on  second-growth  timber  which  is  incapable 
of  producing  clear  material  at  least  in  un¬ 
managed  stands  under  100  years  of  age?  Par¬ 
tial  solution  to  the  problem  can  be  attained  by 
(1)  using  longer  rotation  ages  for  some  of  the 
timber  and  (2)  by  artifical  pruning. 

Even  though  rotation  ages  of  about  100  years 
or  less  may  produce  the  greatest  volume  re¬ 
turn  of  timber,  this  does  not  necessarily  mean 
that  this  will  in  all  cases  bring  the  greatest 
money  return  to  the  timber  grower.  Indications 
are  that  timber  growing  on  gentle  topography 
suitable  for  tractor  or  horse  logging  should  be 
managed  on  a  partial  cutting  basis  on  rotations 
in  excess  of  100  years.  Periodic  thinnings  in 
well-stocked  stands  can  be  made  which  will 
offset  natural  mortality,  which  amounts  to 
about  one  cord  per  acre  per  year.  Poorer 
trees  in  the  stand  can  be  removed,  and  the 
growth  concentrated  on  the  vigorous  better 


quality  trees  without  sacrificing  any  volume  in 
the  final  cut.  Even  with  rotation  ages  of  about 
100  years,  quality  of  the  final  crop  will  be  im¬ 
proved  by  these  periodic  thinnings.  However, 
on  this  type  of  management  it  appears  that  it 
will  be  good  good  business  to  hold  those  crop 
trees  that  are  producing  clear  material  for 
growing  periods  of  perhaps  200  years.  We  now 
have  several  experiments  under  way  that  will 
give  the  answers  to  this  problem. 

Recently  Benson  Paul  of  the  Forest  Products 
Laboratory!,  made  a  study  of  approximately 
1,000  knots  obtained  from  well-stocked,  100- 
year -old  site -II  and  150-year -old  site -IV 
Douglas  fir  stands  in  the  vicinity  of  Oakridge, 
Ore.  He  found  dead  branches  extending  through 
the  bark  along  the  entire  merchantable  length 
of  most  of  the  trees  studied.  Knots  in  butt 
logs  averaged  5. 1  in  number  per  lineal  foot  of 
log  length  on  site  U  and  10.1  per  lineal  foot  in, 
site  IV.  Included  in  the  above  figures  are  1.6 
and  4.1  pin  knots  per  lineal  foot,  respectively, 
in  the  same  logs  from  the  two  sites.  These 
data  substantiate  the  findings  of  our  mill  studies 
that  stands  of  second-growth  Douglas  fir  under 
100  years  in  age  will  produce  no  clear  grades 
of  lumber. 

Clear  grades  of  lumber  can  be  produced  from 
these  younger  age  classes  if  they  are  pruned. 
Some  experimental  pruning  has  been  done  in 
this  region  which  gives  an  indication  of  costs. 
Even  under  present  day  cost  and  selling  prices, 
pruning  should  prove  economical  on  the  better 
growing  sites.  This  is  particularly  true  if 
partial  cuts  are  also  made  in  the  stand  and 
thereby  concentrate  the  growth  on  the  pruned 
crop  trees. 

A  pruning  study  was  made  in  a  40-year -old 
thinned  stand  of  Douglas  fir  that  indicates  fa¬ 
vorable  financial  results.  Average  diameter 
of  the  pruned  trees  was  10  inches.  Cost  of 
pruning  a  16-foot  log  amounted  to  25^  per 
tree.  Expected  diameter  growth  was  calculated 
at  2  inches  per  decade.  This  growth  will  pro¬ 
duce  approximately  348  board  feet  of  clear 
wood  per  tree  at  the  end  of  100  years.  Using 
an  interest  rate  of  2-1/2  percent  and  allowing 
15  percent  mortality  of  the  pruned  trees,  still 
leaves  an  average  profit  of  $6.  90  per  tree. 

At  present  there  is  no  pruning  on  a  commer¬ 
cial  basis  in  the  Douglas  fir  region.  Apparently 
the  time  has  not  yet  arrived  where  industry 
feels  it  is  economical  to  do  pruning.  However, 
as  the  supply  of  old  growth  decreases,  the 

■Lpaul,  Benson  H.  Knots  in  second-growth 

Douglas  fir.  Report  No.  R1690,  U.  S. 

Forest  Service  Forest  Products  Labora¬ 
tory,  Madison,  Wis.  ,  November  1947. 
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spread  between  clear  grades  and  connmon 
grades  of  lumber  should  widen,  which  should 
cause  timber  managers  to  give  more  and 
more  emphasis  to  cultural  practices  that  will 
improve  the  quality  of  the  timber. 

Foresters  are  giving  much  emphasis  at 
present  to  the  improvement  of  timber  stands 
through  the  better  selection  of  tree  seeds. 
Geneticists  have  found  that  seed  from  rough, 
limby  trees  will  produce  young  growth  with 
more  limby  boles  than  seed  from  clean  stem¬ 
med,  high  crown  trees. 

SUMMARY 

It  is  estimated  that  about  one-third  of  the 
lumber  production  in  the  Douglas  fir  region 
comes  from  second-growth  timber.  The  pro¬ 
portion  will  continue  to  increase  until  eventually 
the  lumber  industry  will  be  entirely  dependent 
on  these  younger  age  classes.  Information  ob¬ 
tained  from  studies  to  date  on  lumber  production 
from  second  growth  is  as  follows: 

1.  Douglas  fir  logs  cut  from  timber  up  to 
100  years  old  will  in  practically  all  cases  pro¬ 
duce  at  least  65  percent  No.  1  Common  or 
better  lumber.  Therefore,  these  logs  should 
be  graded  as  No.  2  sawmill  logs  if  they  meet 
the  size  requirements. 

2.  Second-growth  Douglas  fir  logs  produce 
a  very  high  percentage  of  structural  and  No.  1 
Common  lumber  but  none  in  the  clear  grade. 

No  problems  are  contemplated  in  supplying 
the  market  demand  for  construction  lumber 
from  these  young  timber  stands. 

3.  Clear  lumber  grades  will  probably  con¬ 
tinue  to  be  a  valuable  part  of  the  Douglas  fir 
lumber  markets.  This  material  will  not  be 
available  without  some  cultural  practices. 
Recommendations  include  (1)  partial  cuttings 

in  well-stocked  stands  on  good  sites  and  carry¬ 
ing  the  best  quality  crop  trees  for  rotation 
periods  in  excess  of  100  years,  and  (2)  by  artifi¬ 
cial  pruning  of  selected  trees ,  which  should  be 
carried  on  in  conjunction  with  thinnings,  and 
(3)  by  improving  the  quality  of  new  stands 
through  better  selection  of  seed  source. 

4.  As  the  supply  of  old-growth  timber  de¬ 
creases,  the  spread  in  price  between  clear 
lumber  and  common  lumber  should  become 
wider.  Therefore,  forest  practices  that  will 
improve  the  quality  of  the  timber  should  be 
increasingly  important. 


9(» 


How  Insulating  Board  Products 
are  Made  by  the  Simpson  Logging  Company 

A.  T,  WALTON,  Research  Director,  Simpson  Logging  Co.  , 
Shelton,  Washington 


HE  SIMPSON  Logging  Company  Woodfiber 
Plant  was  placed  in  operation  in  March, 

1947,  and  at  the  present  time  has  an  average 
payroll  of  225  men.  The  Woodfiber  Plant  is 
an  important  part  of  the  company's  sustained 
yield  forestry  program.  All  of  the  material 
produced  at  Woodfiber  comes  from  left-over 
woods.  Not  a  single  extra  tree  is  cut  to  supply 
the  Woodfiber  Plant. 

WOOD  SOURCES  AND  CHIP  HANDLING 

The  quality  of  Simpson  Insulating  Board 
products  manufactured  in  our  Shelton  plant 
begins  with  the  selection  of  the  best  available 
basic  material:  wood.  Old-growth  Douglas  fir 
is  the  basic  wood  for  all  of  the  insulating  board 
products  now  being  manufactured. 

The  Woodfiber  Mill  is  advantageously  located 
adjacent  to  the  two  Simpson  sawmills  where 
the  slabs,  edgings,  and  mill  ends  are  reduced 
to  chips  and  then  brought  by  belt  conveyor  to 
the  chip  storage  bins. 

Since  both  bark  and  rotted  wood  tend  to 
weaken  the  fiberboard  the  rotted  wood  is  re¬ 
jected  at  the  picking  deck.  The  good  sound 
slabs  and  edgings  having  bark  on  them  are 
diverted  to  an  Allis  Chalmers  hydraulic  barker. 
Conveyors  and  saws  at  the  new  chipping  plant 
at  Mill  Two  are  arranged  to  handle  slabs  and 
second-growth  cordwood  brought  in  from  out  - 
side  sawmills  and  wood  lots.  The  other  source 
of  chips  is  the  Simpson  Plywood  Mill  at  Mc- 
Cleary.  Over  there  the  reject  trim  of  veneer 
is  reduced  to  chips  and  sent  by  rail  to  Shelton 
in  open  topped  box  cars.  As  these  chips  are 
shoveled  from  the  cars  they  are  elevated  to 
the  belt  conveyor  running  from  Simpson  Mill 
Two  and  carried  to  chip  storage.  The  chip 
storage  bins  will  hold  350  units,  or  roughly 
350  tons  of  chips. 

From  chip  storage  some  of  the  chips  are 
carried  by  cross  flight  conveyor  to  an  Asplund 
Defibrator,  but  from  80  to  90  percent  of  the 
material  goes  to  the  three  stainless  steel  lined 
Babcock  and  Wilcox  rotary  digesters.  These 
B  &  W  digesters  each  have  a  capacity  of  600 
cubic  feet,  or  roughly  6,000  pounds,  of  "green" 
chips.  In  these  digesters  the  chips  are  sub¬ 
jected  to  live  steam.  This  operation  simply 
softens  wood  so  that  the  fibers  can  be  mechani¬ 
cally  separated  with  lower  power  consumption 
and  with  less  breaking  or  cutting  of  the  individual 


fibers.  Hot  chips  are  dumped  into  stainless 
steel  bottom  pits  and  screw  conveyors  move 
them  out  onto  another  belt  conveyor  which  in 
turn  takes  them  to  a  bucket  elevator  and  then 
onto  a  specially  designed  conveyor  out  over 
the  Bauer  pulpers. 

PULPING 

From  10  to  20  percent  of  the  pulping  is  done 
by  the  Asplund  Defibrator.  This  Swedish- 
designed  and  American-manufactured  machine 
is  provided  with  a  pre -heater  unit  by  which  the 
chips  are  subjected  to  125  pounds  of  live  steanp 
as  they  are  screw-fed  into  the  defibrating  discs. 
The  flow  is  through  the  center  of  the  stationary 
disc  and  out  between  it  and  the  rotating  disc. 
Pulp  from  this  machine  is  coarser  or  of  higher 
freeness  than  that  produced  by  the  Bauer  pulp¬ 
ers. 

Our  Bauer  machines  are  type  185  and  are 
manufactured  by  Bauer  Brothers  of  Springfield, 
Ohio.  Pulping  differs  from  the  Asplund  pro¬ 
cess  in  that  hot  water  is  used  instead  of  steam; 
there  is  no  pressure  used;  and  both  discs  are 
revolving.  Seven  of  the  machines  are  equipped 
with  150-horsepower  motors  and  are  used  to 
produce  our  most  finely  ground  pulp.  The 
remaining  three  machines  have  100-horsepower 
motors  and  are  adjusted  to  produce  a  slightly 
coarser  or  higher  freeness  pulp.  The  precise 
nature  of  the  pulp  produced  by  these  machines 
is  determined  by  (a)  the  temperature  of  the 
water  used,  (b)  the  rate  of  feed,  and  (c)  the 
clearance  between  the  two  revolving  discs. 

The  capacity  of  each  machine  is  roughly  12 
tons  each  24  hours.  As  the  pulp  is  discharged 
from  the  pulpers  it  drops  down  into  large  vats 
or  chests  on  the  floor  below.  These  chests 
are  constructed  of  glazed  tile  blocks;  any  con¬ 
tact  with  iron  will  discolor  the  pulp.  For  this 
reason  all  pipelines  carrying  pulp  are  of  wood 
construction,  and  chests  are  of  either  wood  or 
glazed  tile. 

One  of  the  chests  under  the  pulping  deck  is 
called  the  "broke"  chest.  Into  it  go  the  trim 
from  the  Fourdrinier  machine,  any  broken 
sheet  from  the  machine,  and  the  sawdust  and 
shredded-up  trim  and  waste  from  the  finishing 
room.  Thus  there  are  four  varieties  of  pulp 
for  blending  into  the  slurry  that  goes  into  the 
machine;  (1)  Asplund  stock,  (2)  High -freeness 
Bauer  pulp,  (3)  Low-freeness  Bauer  pulp,  and 
(4)  broke  stock. 
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This  blending  is  done  by  the  adjustment  of 
valves  at  the  blending  box  up  on  the  pulping 
deck,  where  pipelines  come  in  from  the 
chests  mentioned  in  the  foregoing  paragraph. 
The  blended  stock  is  then  fed  to  a  decker 
which  takes  out  some  water  to  raise  the  con¬ 
sistency.  From  the  decker  it  is  fed  to  the 
decker  chest;  the  machine  chest;  and  finally 
is  pumped  to  the  constant-level  box  some  40 
■feet  above  the  machine.  This  elevation  gives 
a  constant  head  or  pressure  on  the  valve 
regulating  the  flow  onto  the  machine  and  gives 
better  control  of  sheet  weight  for  the  machine 
tender. 

CHEMICALS 

It  is  significant  that  no  chemicals  are  used 
in  any  of  the  cooking  or  pulping  operations, 
and  therefore,  practically  no  chemicals  are 
getting  out  of  the  plant  and  into  Oakland  Bay. 

Wiihin  the  white  water  system  three  chemi¬ 
cals  are  added  to  enhance  the  quality  and 
durability  of  the  insulating  board  products. 

A  fungicide  and  termiticide  is  fed  into  the 
stock  at  the  decker. 

The  term,  size,  as  used  in  this  industry 
signifies  a  substance  which  lowers  the  water 
absorption  of  the  finished  board.  Presently, 
for  all  products  except  sheathing,  we  are 
using  a  rosin  size.  Our  sheathing,  both 
l/2-inch  and  25/32-inch  thicknesses,  is  sized 
with  an  emulsified  asphalt. 

Alum,  the  third  and  last  chemical  added  to 
the  slurry,  is  for  the  purpose  of  setting  the 
sizing  substance.  Chemically,  alum  is  the 
simple  salt  aluminum  sulphate  (Al2(S0^)3). 

The  mechanics  of  its  functioning  involves 
ionic  charges  which  cause  the  colloidal  par¬ 
ticles  of  the  sizing  agent  to  adhere  to  the 
wood  fibers  and  thus  retard  or  reduce  the 
aunount  of  water  which  the  woodfiber  product 
will  absorb. 

SHEET  FORMATION 

The  machine  which  receives  the  pulp  slurry 
and  forms  it  into  a  wet  sheet  approximately 
a  half-inch  thick  is  called  a  Fourdrinier-- 
from  its  French  inventors.  This  machine 
was  first  introduced  in  America  in  1827,  and 
is  now  the  type  of  machine  used  throughout 
the  industry  for  the  production  of  all  types 
of  paper.  There  are  three  (3)  main  parts  to 
Fourdrinier:  (1)  the  head  box  which  by  a 
series  of  wires  and  baffles  flows  the  slurry 
out  over  an  8 -1/2 -foot  wide  "puddle"  onto  the 
(2)  wire-drainage  section.  On  this  section  a 
major  portion  of  the  water  is  removed  from 
the  pulp  slurry  by  gravity  drainage  and  suction 


boxes;  (3)  is  the  press  section.  There  are  two 
vacuum  pumps,  the  first  of  which  provides  the 
vacuum  for  the  suction  boxes  and  the  second 
which  removes  water  through  the  perforations 
in  the  bronze  press  section  rolls.  As  the  wet 
sheet  comes  from  the  Fourdrinier  it  contains 
by  weight,  roughly  65  percent  water. 

WET  END  COATING 

As  the  sheet  leaves  the  Fourdrinier  press 
section  a  coating  of  water -dispersed  paint 
is  applied  to  all  stock  except  roof  insulation, 
refrigeration  insulation,  lath,  and  sheathing 
board.  The  paint,  which  is  prepared  in  the 
mill,  flows  by  gravity  from  a  storage  tank 
on  the  pulping  deck  down  onto  the  sheet  and 
is  spread  on  evenly  by  an  8 -inch  jacketed 
rubber  roll. 

After  coating,  the  sheet  is  trimmed  and  cut 
into  units  roughly  8-1/2  feet  wide  and  16-1/2 
feet  long.  They  are  then  fed  by  the  tipple  into 
the  8-deck  Coe  Dryer. 

DRYING 

The  removal  of  upwards  of  200  tons  of  water 
from  the  daily  production  is  accomplished  in 
the  3  sections  of  the  385  foot  long,  8-deck 
Coe  Dryer,  Heat  is  supplied  through  steam 
coils  operating  under  175  pounds  pressure, 
and  the  temperatures  vary  from  about  340°  F. 
at  the  wet  end  to  about  225°  F.  near  the  dis¬ 
charge  end  of  the  dryer.  Recording  registers 
and  automatic  valves  assist  in  preventing 
damage  to  the  coating  and  delivering  to  the 
finishing  room,  a  stock  of  a  designed  moisture 
content. 

FINISHING  OPERATIONS 

Handling  of  the  material  in  the  finishing 
room  is  one  of  the  most  critical  aspects  of 
our  entire  Woodfiber  production. 

Our  regular  1/2 -inch  building  board  and 
wallboard  are  cut  to  dimensions  on  the  20- 
foot  saws  as  the  large  sheets  come  from  the 
dryer,  and  are  immediately  wrapped  in 
heavy  weight  kraft  paper.  On  these  same 
saws,  or  a  similar  set  at  the  south  end  of 
the  finishing  room,  all  other  stock  is  cut  to 
rough  dimensions.  Every  effort  is  made  to 
minimize  the  handling  both  for  cutting  produc¬ 
tion  costs  and  for  reducing  damage  to  the 
material. 

Decorative  tile  and  plank  specifications  call 
for  stock  of  the  highest  density,  the  greatest 
flexure  and  tensile  strengths,  and  the  closest 
tolerance  for  thicknesses  and  light  reflectance 
The  coating  is  applied  to  the  wet  sheet.  Mill 
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specifications  rule  out  any  surface  defects  and 
all  bevel  or  joint  irregularities  at  the  time  of 
packaging.  Careful  packing  in  container  board 
cartons  gives  the  maximum  protection  to  the 
product  and  the  assurance  of  delivery  to  the 
job  in  the  best  possible  condition. 

Acoustic  tile  is  manufactured  in  thicknesses 
of  1/2  inch,  5/8  inch  and  1  inch.  The  first  two 
are  of  homogeneous  structure,  the  1-inch  pro¬ 
duct  is  laminated,  the  l/2-inch  stock  is  bonded 
with  a  strong,  water  resistant  glue.  The  tile 
actually  has  two  coats  of  paint;  first,  the  wet- 
end  coat  and  second,  a  special  acoustic  tile 
finish  coat. 

The  perforations  are  unlike  any  other  acous¬ 
tical  tile.  The  smooth  clean-cut  holes  are 
outstanding  in  appearance,  since  there  are  no 
protruding  fibers  there  is  no  bridging-over  when 
the  tile  is  redecorated.  Laboratory  tests  have 
found  no  appreciable  sound  absorption  loss 
with  as  much  as  five  applications  of  redecora- 
tive  paints  applied  by  rollers  or  spray  guns. 

Sound  absorption  coefficients  are  rated  by 
Acoustical  Materials  Association  5  percent 
higher  for  comparable  thickness  of  similar 
materials  than  any  competitor  products. 

Five  holes  in  each  corner  and  two  adjacent 
to  mid-point  along  each  edge  are  drilled  shallow 
to  provide  greater  holding  power  when  the  tile 
are  mounted  by  the  nailing  technique.  This 
nail  mounting,  called  a  No.  2  mounting  by 
Acoustical  Materials  Association,  results  in 
about  5  percent  greater  sound  absorption  than 
that  given  by  the  same  tile  when  mounted  by 
the  specified  No.  1  mounting. 

Roof  insulation  board  is  a  low  density  ma¬ 
terial  of  high  insulating  properties  and  is 
produced  in  thicknesses  of  1/2  inch  and  multiples. 
The  1-inch  units  can  be  fabricated  by  precise 
stapling  with  steel  Bostitch  staples  or  adhesive 
laminations.  This  material  is  usually  embedded 
in  hot  asphalt  or  pitch  on  the  roof  deck. 

Insulating  plaster  lath  in  1/2-  and  1-inch 
thicknesses  is  produced  from  pulp  specifically 
blended  so  as  to  give  the  best  possible  balance 
between  optimum  heat  and  sound  insulation  and 
the  maximum  strength  required  of  this  class  of 
material.  The  V  joint  locks  the  edges  so  that 
pressure  exerted  on  one  unit  cannot  produce  an 
offset  where  the  two  edges  come  together,  and 
bevel  designates  the  correct  surface  for  the 
plaster  application,  simultaneously  providing 
a  reinforcement  in  the  finished  wall. 

Asphalt-impregnated  sheathing  is  produced 
in  thicknesses  of  1/2  inch  and  25/32  inch.  The 
4-  by  8-foot  and  larger  units  have  square-cut 


edges  for  butt  jointing.  The  2-  by  8-foot  units 
have  a  V  joint  on  the  long  dimension;  the  25/32 
thickness  is  Iciminated  25/64  boards. 

Refrigeration  insulation  is  something  of  a 
specialty  item  being  fabricated  by  laminating 
regular  l/2-inch  stock  into  units  of  specified 
dimensions . 

THE  LAMINATING  PROCESS 

Our  1-inch  acoustic  stock  is  laminated  in 
the  finishing  department,  using  a  laboratory- 
developed  glue  for  the  bonding  agent.  Roof 
insulation  and  25/32-inch  sheathing  board  are 
bonded  with  a  similar  glue  formulated  by  the 
laboratory  and  containing  asphalt  emulsion 
for  increasing  the  water  resistance  of  the 
bonding  agent. 

THE  MII.L  INSPECTION 

DEPARTMENT 

Inspections  and  control  checks  for  the 
mill  actually  begin  with  the  men  at  the  picker 
deck  in  the  sawmill  when  they  select  the 
slabs,  edgings,  and  trim  from  the  hog  con¬ 
veyor,  Periodical  exaunination  is  made  of 
the  chips  to  determine  the  percentage  of  chips 
of  various  size,  the  amount  of  fines,  percent 
of  rot,  bark  and  knots,  and  weight  per  cubic 
foot  of  the  material  as  it  comes  to  chip  storage. 

On  the  pulping  deck  Scunples  are  taken  hourly 
(more  frequently  when  operations  are  off 
specifications)  for  determination  of  pulp  free¬ 
ness,  consistency  .and  pH.  At  the  Fourdrinier 
machine  consistency  is  watched  closely  as  the 
furnish  goes  onto  the  wire,  and  as  the  sheet 
leaves  the  press  section  a  set  of  micrometer 
calipers  on  either  side  give  the  thickness. 

On  grade  changes  saunples  are  taken  at  the 
tipple,  carefully  weighed  and  calipered  and 
dried  in  the  inspectors  ovens  so  that  Coe- 
dryer  speeds  and  temperatures  can  be  deter¬ 
mined. 

Hourly,  and  more  frequently -when  the  stock 
is  off  specifications,  samples  are  taken  as 
stock  comes  from  the  first  set  of  saws  in  the 
finishing  room.  From  these  samples  are 
determined  percent  of  moisture  in  the  stock, 
tensile  strength,  flexure  strength,  thickness 
(caliper),  density,  water  absorption,  and 
light  reflectances. 

Data  from  all  the  foregoing  observations  are 
recorded  on  a  daily  inspection  report. 

Supervising  the  mill  inspection,  and  report¬ 
ing  to  the  plant  manager  is  the  quality  control 
man.  This  man  has  the  responsibility  of  deter¬ 
mining  whether  or  not  a  material  is  off  grade 
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i  also  sets  the  mill  standards  and  specifi¬ 
cations  from  the  chips  to  the  material  in  the 
packages. 

PACKAGING 

Recognizing  that  use  of  the  best  available 
packaging  is  a  definite  must  in  getting  our 
products  to  the  ultimate  consumer  in  first 
class  condition  we  are  using  strong  and  well 
designed  container  board  cartons  for  packaging 
all  decorative  tile,  decorative  plank,  and 
Simpson  Acoustic  Tile. 

All  other  products  are  carefully  wrapped 
in  strong  heavy  weight  kraft  paper  with  pro¬ 
tective  strips  placed  around  all  four  edges  of 
the  building  board. 

After  packaging  the  material  is  carefully 
placed  on  heavy  platforms  or  "skips"  and 
thereafter  handled  by  hydraulically  operated 
hoist  trucks. 

Every  package  is  stamped  with  a  code  num¬ 
ber  which  gives  the  date  wrapped  or  packaged 
and  the  shift  responsible  for  tjie  operation. 

Thus  any  irregularity  in  any  product  leaving 
the  plant  can  be  traced  to  the  operation  respon¬ 
sible. 

SPECIFICATIONS 

The  Federal  Specifications  pertaining  to 
Simpson  Woodfiber  products  are  designed  by 
the  number,  LLL-F-321b,  and  are  entitled 
"Federal  Specifications  for  Fiberboard; 
Insulating.  " 

All  our  products  are  so  manufactured  as  to 
conform  to  these  specifications  or,  in  many 
particulars,  to  company  specifications  much 
more  rigid  in  nature. 

NATURE  OF  TESTS 

The  Research  Labo^tory  is  equipped  for 
and  has  conducted  exhaustive  tests  on  all  the 
above  specifications  with  the  exception  of 
that  for  thermal  conductivity  or  K  factor  deter¬ 
minations.  Such  tests  have  been  a  vital  part 
of  the  development  of  our  present  products; 
and  of  course  the  same  tests  have  been  made 
and  are  continuing  on  all  available  competitor 
products  in  order  that  we  may  keep  abreast 
of  and,  if  possible,  ahead  of  such  products. 

NOISE  COEFFICIENT  OF 

ABSORPTION 

The  noise  absorption  qualities  of  acoustical 
tile  are  determined  by  measurement  of  its 
absorption  of  frequencies  of  256,  512,  1,024, 


and  2,048  cycles  per  second.  In  the  Simpson 
Laboratory  such  measurements  are  made  by 
use  of  a  Western  Electric  ASR-30544  Acoustic 
Tube.  The  complete  apparatus  consists  of  a 
Hewlett  Packard  audio  Oscillator  which  produces 
sound  of  any  desired  frequency  in  the  range 
from  20  to  20,000  cycles  per  second.  This 
sound  is  introduced  into  the  Acoustic  Tube  and 
the  sample  being  examined  by  use  of  a  Western 
Electric  Sound  Level  Meter. 

The  Accoustical  Materials  Association  tests 
are  made  in  a  laboratory  under  their  control  at 
Riverbank,  Geneva,  Ill.  There  the  samples 
to  be  tested  are  placed  on  the  floor  (72  feet 
square  tile  required  for  each  test)  of  a  room 
of  special  construction,  and  the  sound  absorp¬ 
tion  determined  on  the  basis  of  rate  of  decay 
of  a  sound  introduced  into  this  reverberation 
chcimber . 

Correlations  have  been  established  between 
Simpson's  Laboratory  equipment  values  and 
those  determined  by  the  AMA  Reverberation 
Chamber,  and  frequent  checks  are  thus  made 
on  the  sound  absorption  quality  of  our  mill 
production. 
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ROY  STIER,  Tree  Farm  Forester,  St.  Paul 
and  Tacoma  Lumber  Co.  ,  Tacoma,  Wash. 


Anew  generation  is  taking  over  in  the 
forests  of  the  west;  a  legion  filled  with 
promising  visions  and  inspired  by  the  ever 
increasing  vista  of  second  growth.  Decades 
ago  foresters  who  could  foresee  the  economy  of 
the  future  fought  against  heavy  odds  to  estab¬ 
lish  the  first  inroads  into  primary  forest  man¬ 
agement.  We  must  humbly  acknowledge  these 
early  efforts  as  the  means  to  providing  the 
second-growth  heritage  we  now  enjoy.  From 
here  on  the  job  will  be  one  of  careful  manage¬ 
ment,  using  better  and  better  means  of  pro¬ 
tection,  silvicultural  treatment,  harvesting  and 
utilization. 

From  Europe  we  find  data  derived  from  gen¬ 
eration  after  generation  of  forests  grown  under 
conditions  of  scarcity  and  close  utilization. 

Most  of  the  experience  gained  through  these 
many  years  is  applicable  to  our  own  forest 
management  technique.  However,  it  is  my 
belief  that  European  practices  should  be  care¬ 
fully  screened  in  order  to  develop  a  forest 
economy  that  is  truly  American. 

Foresters  know  that  hard  and  fast  rules  in 
forest  treatment  are  impossible  to  practice. 
Each  tree  in  the  forest  is  an  individual  strug¬ 
gling  for  supremacy  along  with  its  neighbors 
in  a  world  of  strong  winds,  freezing  weather, 
prolonged  drought,  insect  and  fungus  attacks, 
raging  fires,  mechanical  injury  and  inundation. 
Further,  they  must  adapt  themselves  to  all 
types  of  soil,  severe  degree  of  slope,  dif¬ 
ferences  in  elevations,  360  degrees  of  aspect, 
variable  growing  seasons,  etc.  A  forester, 
therefore,  is  charged  with  the  responsibility 
of  deciding  good  forest  practice  on  the  ground 
in  an  everchanging  panorama  of  complexities. 

In  handling  second  growth  the  future  yield  of 
an  area  both  in  quantity  and  quality  lies  often  • 
in  a  quick  decision,  a  momentous  decision 
when  viewed  in  the  light  of  a  long  growing  cycle 
with  a  crop  of  increasing  value. 

Not  long  ago  a  fair  estimate  of  the  growing 
capacity  of  second  growth  on  an  average  site 
was  placed  at  500  board  feet  per  acre  per  year, 
Scribner  Scale.  Lately  this  figure  is  more 
accurately  placed  for  most  areas  in  this  region 
at  800  and  more.  By  good  thinning  practices 
this  yield  can  be  increased  considerably  to  a 
degree  not  yet  determined.  Europeans  have 
shown  remarkably  increased  forest  yields 
through  thinning,  although  the  methods  differ 


greatly  throughout  the  continent. 

PRACTICAL  THINNING  EQUIPMENT 

In  1946  the  St.  Paul  and  Tacoma  Lumber 
Company  started  thinning  operations  on  a  tree 
farm,  an  activity  which  has  been  continuous 
to  date.  Although  it  has  been  on  a  more  or  less 
experimental  basis  since  inception,  it  is,  in 
effect,  a  commercial  venture.  In  1947  the 
company  assigned  a  240-acre  tract  in  the 
Voight  Creek  Forest  to  the  Puget  Sound  Re¬ 
search  Center  of  the  Pacific  Northwest  Forest 
and  Range  Experiment  Station  for  experimental- 
purposes.  Later  a  smaller  tract  in  the  King 
Creek  Forest  was  added  for  further  experi¬ 
mentation  in  a  younger  age  class.  Under  the 
direction  of  Norman  Worthington,  of  the  Ex¬ 
periment  Station,  the  two  tracts  were  laid  out 
to  study  various  treatments  in  thinning.  The 
company  built  all-weather  roads,  carried  on 
the  thinning  operations  and  marketed  the  pro¬ 
ducts  from  the  experimental  areas.  A  further 
study  of  soils,  forest  diseases  and  pruning 
possibilities  is  being  carried  on. 

Ji". 

At  Voight  Creek  the  original  stand  being 
studied  was  a  38  to  40  year  old  Douglas  fir 
forest.  Only  a  small  amount  of  hemlock, 
cedar  and  hardwoods  were  found  intermingled 
in  a  second-growth  forest  which  grew  on  an 
area  logged  in  1901.  The  topography  being 
fairly  broken  made  development  and  thinning 
operations  fairly  difficult. 

Compartments  of  equal  size  were  given  3° 
of  treatment  based  on  severity  of  cut.  Roughly, 
the  percentage  of  cut  ran  from  15  to  40  of  the 
original  stand  by  volume,  yielding  from  500  to 
1,400  cubic  feet  per  acre  of  merchantable  ma¬ 
terial.  When  the  first  cut  is  completed  next 
spring,  the  research  center  will  have  figures 
available  showing  in  detail  the  results  of  the 
entire  operation.  For  our  part,  the  actual 
thinning  job  tcixed  the  ingenuity  of  our  tree- 
farm  crew,  giving  us  a  few  conclusive  "do's" 
and  "don't's". 

In  the  first  place  we  discovered  early  in  the 
game  that  horse  skidding  material  of  this  size 
was  the  only  practical  method,  either  direct 
to  the  landing  or  by  laterals  to  a  power  skidding 
road.  A  horse  works  singly,  being  hooked  to 
a  log  or  pole  by  chain  with  a  round  hook  at¬ 
tached.  The  horse  driver  works  alone  and 
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usually  does  his  own  swamping  of  the  trails. 

At  times  we  have  had  the  horses  travel  as  far 
as  900  feet  with  the  thinnings,  but  discovered 
that  this  was  well  beyond  the  economic  limit. 

As  nearly  as  can  be  discovered  by  casual  study 
the  limit  of  yarding  distance  should  be  set  at 
around  500  feet.  When  slopes  were  too  steep 
for  horse  skidding  a  "cherry  picker"  was  used 
for  bringing  the  material  to  the  road.  This 
proved  to  be  an  expensive  operation;  too  ex¬ 
pensive  for  continuous  use  as  a  regular  method 
of  removing  thinning  products.  Use  of  a  small 
cat  in  the  experimental  forest  speeded  up  the 
work  but  cost  more  than  horse  skidding. 
Furthermore,  excessive  damage  to  the  resi¬ 
dual  stand  could  not  be  avoided;  this  method 
has  been  discarded  except  when  removing 
larger  material  such  as  piling. 

The  cherry  picker  mentioned  previously  has 
become  an  important  part  of  our  thinning  equip¬ 
ment.  The  one  we  are  now  using  is  an  im¬ 
proved  design  of  all  the  features  found  lacking 
in  our  earlier  model.  It  is  essentially  a  double 
drum  machine  mounted  on  a  half  track.  The 
25 -foot  boom  is  supported  at  the  axle  extremi¬ 
ties  and  is  raised  and  lowered  with  a  power 
take-off  winch.  This  machine  is  used  for  load¬ 
ing  logs  either  directly  or  through  a  block  in 
a  gin  pole.  On  occasion  we  yard  thinning  ma¬ 
terial  over  steep  slopes  or  across  marshy 
ground  for  distances  up  to  400  feet.  This  can 
usually  be  done  without  using  guy  lines,  because 
the  machine  weighs  over  seven  tons  and  is  re¬ 
markably  stable. 

Since  our  early  thinning  work  the  product 
that  has  been  our  mainstay  has  been  the  smel¬ 
ter  pole.  These  poles  are  cut  25  feet  long,  and 
need  not  have  the  form  characteristics  of  utility 
poles  because  they  are  burned  in  the  smelting 
furnaces.  Regular  burning  of  green  poles  is 
required  during  the  process  of  changing  electro¬ 
lytic  copper  into  the  consistency  required  to 
form  wire.  Poles  are  handled  singly  in  slings 
and  pass  through  a  small  door  of  the  furnace 
where  they  are  consumed  in  about  10  minutes. 
Actually  their  function  is  not  too  unlike  the  ac¬ 
tion  of  baking  powder  in  a  cake. 

Another  product  of  thinning  which  is  destined 
to  become  the  most  important  in  our  area  is  the 
short  log.  Heretofore  we  have  hauled  logs  to  a 
small  mill  in  8 -foot  lengths.  This  is  a  time- 
consuming  job,  because  the  average  log  con¬ 
tains  only  about  6-1/2  cubic  feet  and  must  be 
loaded  singly.  At  the  other  end  unloading  has 
been  by  hand;  often  other  trucks  hold  up  the 
process.  Soon  we  will  have  our  own  8-foot 
mill  which  will  be  highly  portable  and  will  be 
an  integral  part  of  the  thinning  operation. 

Logs  will  be  skidded  directly  to  the  roll-way 
and  the  finished  rough  green  lumber  loaded 


directly  on  a  trailer.  Here  again  we  will  use 
the  cherry  picker  considerably  in  disposing  of 
sling  loads  of  slabs  and  in  loading,  and  general 
utility  work. 

The  tops  of  trees  and  the  small,  suppressed 
trees  go  into  car  stakes.  These  stakes  are  cut 
12  feet  long  and  have  a  minimum  circumference 
around  the  middle  of  15-1/2  inches.  They  are 
used  for  staking  flat  cars  for  pole,  piling,  and 
lumber  shipments. 

Other  products  which  are  marketed  occasion¬ 
ally  are  utility  or  REA  poles,  which  range  from 
25  to  50  feet  in  length.  They  are  peeled  in  the 
woods  in  season,  otherwise  by  mechanical 
peeler  at  the  pole  yard.  We  have  produced  a 
few  mine  props,  pole  stubs  and  car  bunks,  but 
they  are  only  worthy  of  note. 

Scattered  throughout  the  second-growth  forests 
are  some  cedar  snags  and  windfalls.  The  larger 
and  better  grades  have  been  cut  for  short  logs. 
Most  of  this  material,  however,  we  have  made 
into  split  cedar  posts  of  the  type  in  demand  by 
the  railroads  and  farmers.  This  activity  helps 
to  round  out  our  thinning  work  and  takes  up  the 
slack  in  continuity  irregularities. 

Outside  of  the  experimental  area  at  Voight 
Creek  we  recently  completed  the  second  thin¬ 
ning  cut  cifter  three  growing  seasons.  This 
section  of  the  forest  is  taking  on  a  park-like 
appearance,  approaching  the  type  of  stands 
found  in  European  forests.  The  crop  trees,  or 
those  to  be  carried  through  to  the  final  cut, 
are  beginning  to  become  evident.  It  appears 
that  this  particular  area  will  require  only  two 
more  thinnings  to  bring  about  ideal  conditions 
for  carrying  the  stand  to  maturity. 

For  the  most  part  we  have  been  adhering  to 
a  combination  of  thinning  from  above  and  below. 
The  thinning  from  above,  or  Danish  method,  in 
essence  calls  for  removing  the  rough  dominants 
in  successive  cuts,  thereby  gradually  increasing 
the  quality  of  the  remaining  stand.  This  method 
allows  the  removal  of  larger  and  more  easily 
marketed  material,  and  may,  during  the  cutting 
cycle,  yield  more  wood  per  acre  than  other 
methods.  The  thinning  from  below  idea  which 
is  chcunpioned  by  the  Germans  removes  the 
suppressed  and  smaller  co-dominants  where 
crowded.  They  do  remove  a  few  large-limbed 
"wolf  trees,"  but  only  when  they  usurp  a  large 
growing  space.  They  believe  that  the  Danish 
type  of  thinning  destroys  the  best  growing  stock 
of  the  forest,  leaving  trees  of  less  vigor.  This 
conflict  of  ideas  need  not  be  confusing  to  us, 
because  we  intend  to  develop  an  American  sys¬ 
tem  which  will  best  suit  our  forest  types  and 
our  economy.  The  experimental  forest  will, 
among  other  things,  give  us  the  basis  in  facts 
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for  the  thinning  system  best  suited  to  our  par¬ 
ticular  needs. 

At  the  King  Creek  Experimental  Forest  an 
interesting  comparison  cut  is  going  on.  There, 
side  by  side,  are  the  two  systems  mentioned 
previously  for  direct  comparison.  Just  this 
week  we  have  completed  the  second  cut  on  the 
Danish  thinning  and  the  first  cut  on  the  modi¬ 
fied  German  system.  The  stand,  which  is  al¬ 
most  pure  Douglas  fir,  is  now  29  years  old. 

The  first  thinning,  at  age  27  years,  yielded  a 
surprising  aunount  of  merchantable  material. 

It  is  with  a  great  deal  of  pride  that  we  find 
ourselves  able  to  go  into  a  forest  of  this  age, 
on  a  poor  site,  and  economically  do  a  job  of 
thinning. 

IMPORTANCE  OF  INDOCTRINATED 

PERSONNEL 

Labor  of  the  type  needed  for  this  second 
growth  management  has  to  be  trained  from  the 
ranks  of  those  who  have  some  background  in 
woods  work.  It  is  important  that  these  men 
realize  the  importance  of  efficiency,  and  that 
they  are  working  on  a  job  which,  at  the  present 
time,  is  marginal  economically.  They  do,  in 
fact,  take  a  great  dfeal  of  pride  in  working  to¬ 
ward  a  goal  of  better  second  growth  stands.  It 
is  a  fine  thing  for  the  forest  communities  be¬ 
cause  opportunities  are  now  in  evidence  which 
heretofore  did  not  exist.  Furthermore,  the 
work  cannot  be  classified  as  seasonal;  just  a 
few  days  a  year  are  lost  because  of  bad  weather 
conditions.  Only  limited  markets  stand  between 
the  need  for  expanding  thinning  work  and  greatly 
increased  second-growth  employment  possibili¬ 
ties.  It  is  the  need  for  outlets  to  utilize  this 
material  that  is  the  bottleneck  in  the  forester's 
plan  for  greatly  expanded  thinning  activity.  It 
takes  in  the  neighborhood  of  one  year  for  a  crew 
of  four  men  to  thin  80  acres  of  second  growth 
using  our  methods.  Think  what  this  means  when 
thousands  of  acres  are  in  need  of  the  same  treat¬ 
ment! 

PROMISE  OF  THE  FUTURE 

It  is  our  happy  lot  to  watch  Mother  Nature  at 
work  creating  growth  which  is  rapidly  becoming 
overwhelming  when  viewed  objectively.  Each 
year  a  large  acreage  of  second  growth  falls 
anew  into  the  class  which  favors  thinning.  We 
simply  do  the  best  we  can  to  thin  the  infinites¬ 
imally  small  amount  that  our  economy  allows. 
Anyone  acquainted  with  the  growing  potential 
of  our  forests  in  the  Northwest,  and  of  the  in¬ 
creasing  awareness  of  small  forest  owners  to 
the  tree  crop  that  is  theirs,  can  quickly  dispel 
the  timber  famine  bogy  that  some  alarmists  are 
still  holding  before  us.  Let  us,  rather,  put 
these  alarmists  to  work  encouraging  an  improved 


wood  using  industry  to  handle  the  products 
which  will  give  us  the  opportunity  to  increase 
our  forest  yields. 

You  have  often  heard  about  people  who  were 
"'hinst  the  door  when  the  brains  were  passed 
out.  "  It  appears  that  it  is  entirely  possible 
that  the  forest  products  industries  of  this 
region  can  be  caught  "'hinst  the  door'."  If 
ever  an  opportunity  existed  to  step  out  and 
lead  the  way,  now  is  the  time  for  interested 
parties  to  do  so.  Let's  make  second-growth 
forests  more  than  just  a  shirt-tail  relation 
to  old  growth  forests. 
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Chemicals  from  Douglas  Fir  Bark 

E.  F.  KURTH,  Chief,  Chemical  Utilization  Section, 
Oregon  Forest  Products  Laboratory,  Corvallis,  Ore. 


IN  THE  FALL  of  1947  the  Oregon  Forest 
Products  Laboratory  began  investigating 
the  chemical  composition  and  utilization  of 
western  tree  barks.  One  of  the  first  barks 
investigated  was  that  of  Douglas  fir.  Other 
barks  that  have  been  examined  or  are  now 
under  study  are  ponderosa  pine,  sugar  pine, 
lodgepole  pine,  Jeffrey  pine.  Port  Crford 
cedar,  incense  cedar,  western  red  cedar, 
white  fir,  and  grand  fir. 

Some  of  this  work  has  been  carried  on  jointly 
with  the  Department  of  Chemistry,  Oregon 
State  College.  Research  personnel  assisting 
in  this  cooperative  work  has  consisted  of  stu¬ 
dents  or  temporary  Employees  exclusively. 

DOUGLAS  FIR  BARK  CHEMICALS 

Based  on  an  annual  cut  of  6  billion  board  feet 
of  Douglas  fir  lumber  in  the  states  of  Oregon 
and  Washington  and  calculated  on  the  basis  that 
20.  8  cubic  feet  of  bark  having  a  specific  gravity 
of  0.40  are  available  from  each  thousand  board 
feet  of  logs,  the  potential  annual  supply  of  such 
bark  is  about  1-1/2  million  tons.  (The  produc¬ 
tion  of  Douglas  fir  lumber  in  the  year  1950  was 
over  10  billion  board  feet. )  The  bark  can  be 
separated  mechanically  into  cork,  needle-like 
bast  fibers,  and  a  fine  amorphous  powder. 

The  cork  is  interspersed  in  the  reddish- 
brown  bark  as  light-colored  layers  varying  in 
thickness  from  1/32  to  3/4  inches.  This  Lab¬ 
oratory  has  found  that  Douglas  fir  sawlog  bark 
contains,  by  weight,  from  25  to  more  than  50 
percent  cork,  30  to  42  percent  of  the  short 
needle-like  bast  fibers,  and  20  to  35  percent  of 
the  amorphous  powder.  The  cork  particles  con¬ 
tain  approximately  40  percent,  the  bast-fibers 
20  percent,  and  the  amorphous  powder  34  per¬ 
cent  of  extractives.  Sound  whole  bark  contains 
from  25  to  30  percent  of  extractives. 

Destructive  distillation  of  the  bark  in  an  oven- 
type  retort  produces  yields  of  approximately 
45  percent  charcoal,  10  percent  tar,  and  18  per¬ 
cent  combustible  gas.  This  yield  of  charcoal 
is  higher  than  that  for  wood,  whereas  the  yield 
of  tar  and  combustible  gas  is  of  the  same  order 
as  that  obtained  from  wood. 

Most  of  our  work  thus  far  on  bark  components 
has  been  on  the  extractives.  Three  substances 
are  present  in  Douglas  fir  bark  in  commercially 
extractable  quantities  and  have  important  po¬ 
tential  industrial  uses.  These  are  tannin,  wax. 


and  the  flavanone,  dihydroquercetin. 

TANNIN 

The  tannin  content  of  sound  Douglas -fir 
bark,  when  determined  by  the  procedure  of 
the  American  Leather  Chemists  Association, 
varied  from  7.  5  to  18  percent,  based  on  oven- 
dry  bark  weight.  The  largest  amount  of  tan¬ 
nin  was  found  in  the  bark  of  young  second- 
growth  trees  57  to  70  years  of  age  and  the  tops 
of  older  trees.  The  least  amount  of  tannin  was 
found  in  the  bark  of  butt  logs  of  old-growth 
trees.  Bark,  hand -peeled  at  a  peeling  plant, 
from  poles  and  piling  32  to  43  years  of  age 
averaged  9.0  percent  tannin  content. 

In  the  conventional  pole-peeling  operation, 
the  bark  refuse  contains  about  50  percent  wood. 
Hence,  this  bark  and  wood  mixture  would  aver¬ 
age  less  than  5  percent  in  tannin  content,  which 
is  considered  too  low  for  com-nercial  extrac¬ 
tion.  In  addition,  the  sapwood  removed  with 
the  bark  contains  nontannin  water-soluble  sub¬ 
stances,  which  lower  the  purity  of  the  tannin 
extract. 

Several  bark  samples,  hand-peeled  from  logs 
in  the  woods  soon  eifter  the  trees  were  felled 
and  then  dried,  were  analyzed  for  tannin  con¬ 
tent  during  the  past  two  years.  This  bark,  up 
to  2  inches  in  thickness,  has  averaged  quite 
consistently  about  12-1/4  percent  tannin.  In 
the  commerc'.al  extraction  of  properly  cured 
bark,  a  yield  of  10  percent,  based  on  the  oven- 
dry  weight  of  the  bark,  may  be  expected.  This 
tannin  yield  is  about  the  same  as  that  of  eastern 
hemlock  bark.  Hence,  from  one  ton  of  bark, 
200  pounds  of  tannin  may  be  expected  in  com¬ 
mercial  extraction.  This  amount  of  tannin  at 
18  cents  per  pound  amounts  to  $36.00  per  ton 
of  bark.  Assuming  a  tannin  recovery  of  10 
percent,  1-1/2  million  tons  of  bark  would  pro¬ 
duce  about  273,000  tons  of  powdered  extract 
containing  55  to  60  percent,  or  about  150,000 
tons  of  actual  (100  percent)  tannin. 

Cost  estimates  for  producing  a  pound  of  100 
percent  eastern  hemlock  tannin  were  obtained 
from  industrial  firms  during  the  past  year. 
Exclusive  of  raw  bark  costs  and  based  on  a  10- 
year  plant  amortization  period,  the  estimated 
costs  of  leaching  the  bark  (about  1.  5  cents)  and 
evaporating  the  liquid  extract  to  a  dry  powder 
(about  3.  5  cents)  total  between  5  and  6  cents 
per  pound  of  actual  tannin.  Including  the  cost 
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of  eastern  hemlock  bark  at  $17. 00  per  ton 
(8.  5  cents  per  pound  of  actual  tannin),  the 
total  estimated  cost  of  producing  one  pound 
of  actual  hemlock  tannin  is  between  13.  5  and 
14.  5  cents.  Douglas  fir  bark  at  $2.  00  per  ton 
would  give  a  raw  material  cost  of  1  cent  per 
pound  of  actual  tannin.  Excluding  bark  drying 
costs,  the  cost  of  producing  one  pound  of  actual 
Douglas -fir  tannin  would  be  between  6  and  7 
cents. 

The  tannin  in  Douglas  fir  bark  is  easily  ex¬ 
tracted  with  hot  water.  In  the  conventional 
counter-current  process,  leach  water  tempera¬ 
tures  up  to  200°  F.  may  be  used  without  con¬ 
verting  the  tannin  to  insoluble  phlobaphenes. 

The  total  extraction  time,  with  five  leaching 
tanks  in  series,  may  be  15  hours,  with  80  to 
90  percent  recovery  of  available  tannin.  Sev¬ 
eral  factors,  particularly  bark  particle  size 
and  method  grinding,  affect  the  rapidity  and 
completeness  of  tannin  extraction. 

A  light-colored  tannin  is  produced  when  the 
aqueous  extract  is  concentrated  to  about  50 
percent  solid  matter  in  a  vacuum  dryer  and 
subsequently  dried  to  a  powder  form  in  a  spray 
or  a  vacuum  drum  dryer.  The  powdery  extract 
from  well-cured  bark  will  contain  from  55  to 
60  percent  actual  tannin  and  40  to  45  percent 
nontannins . 

The  annual  consumption  of  vegetable  tannin 
in  this  country  is  estimated  to  be  about  150,000 
tons  of  actual  tannin,  of  which  about  70  percent 
is  imported.  Quebracho  tannin  from  Argentina 
is  imported  in  the  greatest  amount.  The  chief 
source  of  domestic  vegetable  tannin  is  chestnut 
wood  in  the  Appalachian  area.  A  blight  has 
killed  most  of  the  chestnut  forest,  and  estimates 
indicate  that  this  source  of  tannin  may  be  ex¬ 
hausted  Ijefore  I960. 

Douglas  fir  tannin  compares  favorably  with 
quebracho  tannin  for  all  of  the  major  industrial 
uses,  and  it  has  been  used  for  many  years  in 
leathe  ip -making  at  the  tannery  at  Dallas,  Ore. 
Dr.  Tu  at  the  B.  D.  Eisendrath  Memorial  Lab¬ 
oratory,  Racine,  Wis. ,  concluded  from  his 
tests  on  Douglas  fir  bark  tannin  extract,  made 
during  the  past  year,  "that  Douglas  fir  bark  is 
comparable  to  quebracho  tannin.  The  leather 
produced  was  full,  firm  and  had  an  agreeable 
light  tan  color.  The  tannin  fixation,  shrinkage 
temperature  and  other  characteristics  of  the 
leather  all  revealed  that  Douglas  fir  bark  tan¬ 
nin  resembles  quebracho  tannin.  "  He  found 
that  it  could  be  blended  with  other  tannin  ex¬ 
tracts.  In  his  opinion,  "from  the  technical 
point  of  view,  Douglas  fir  bark  extract  could 
be  developed  very  well  into  a  satisfactory 
domestic  tannin  extract.  " 


About  40  to  50  percent  of  the  tannin  consumed 
in  this  country  is  used  by  the  petroleum  indus¬ 
try  for  controlling  the  consistency  of  oil-well 
drilling  mads.  During  the  past  year,  two  in¬ 
dustrial  laboratories  have  reported  that  Douglas 
fir  bark  tannin  compares  favorably  with  que¬ 
bracho  tannin  for  this  use. 


Hence,  it  appears  that  a  market  for  Douglas 
fir  tannin  is  available  and  all  that  remains  is 
to  produce  it  economically  on  a  commercial 
scale.  In  this  connection,  there  is  an  impor¬ 
tant  problem  that  requires  consideration. 

Douglas  fir  tannin,  like  all  other  bark  tannins, 
is  quickly  destroyed  by  enzymes,  molds,  fungi, 
and  insects  when  the  bark  is  wet  or  left  on  logs 
in  the  woods  under  conditions  favoring  attack 
by  biological  agents.  To  obtain  the  maximum 
yield  of  tannin,  the  bark  must  be  removed  from 
the  logs  soon  adter  the  tree  is  cut,  and  then  it 
must  be  properly  cured.  Experiments  conduct¬ 
ed  over  the  past  two  years  have  shown  that  a 
relationship  exists  between  drying  or  curing 
methods  and  tannin  yield  and  quality;  improperly 
cured  bark  contains  less  tannin  than  well-cured 
bark.  There  is  also  the  possibility  that  dihy¬ 
droquercetin  is  converted  to  tannin  during  curing 
and  storage  of  the  bark. 

The  lumber  industry  on  the  West  Coast  does 
not  on  the  whole  practice  bark  salvage  or  de¬ 
barking  before  sawing  the  logs  into  lumber. 

Bark  that  has  been  stored  in  millponds  or  left 
on  logs  lying  in  the  woods  will  be  low  in  tannin 
content.  In  order  to  obtain  good  tannin  bark  it 
will  be  necessary  to  debark  the  logs  soon  after 
felling  the  trees,  possibly  by  debarkers  at  the 
mills,  and  to  dry  the  bark  in  dryers  before  sto¬ 
rage.  The  drying  operation  could  be  most 
economically  done  in  a  bark  dryer  at  the  tannin 
extraction  plant.  An  analysis  for  the  tannin 
content  of  one  lot  of  bark  removed  with  a  hy¬ 
draulic  barker  from  logs  ranging  from  16  to  24 
inches  in  diameter  gave  a  12-1/4  percent  yield 
of  tannin  by  weight. 

Some  of  the  advantages  of  debarking  sawmill 
logs  are; 

/ 

1.  A  saving  in  lumber  scale  of  at  least  5  per¬ 
cent. 


2.  The  sawyer  has  a  better  opportunity  to 
inspect  the  log  before  starting  breakdown  into 
lumber . 


The  Bureau  of  Mines'  Laboratory  at  Tus¬ 
caloosa,  Alabama,  is  interested  in  finding  a 
material  that  will  be  beneficial  for  the  concen¬ 
tration  of  low  grade  iron  ores.  Their  tests  on 
Douglas  fir  bark  tannin  extract,  made  during 
the  past  year,  indicate  that  it  is  as  efficient 
as  quebracho  tannin  for  this  purpose. 
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3.  There  is  a  ready  market  for  the  clean 
barked  slabs  at  pulp  or  hardboard  mills. 

4.  There  is  less  maintenance  on  saws  and 
conveyor  systems. 

5.  Logs  barked  on  land  do  not  contribute  to 
stream  pollution. 

6.  There  is  a  reduction  in  accident  and  fire 
hazards  in  a  bark-free  plant. 

7.  The  bark  has  vadue. 

8.  The  general  opinion  of  those  experienced 
with  debarking  operations  is  that  "debarkers 
are  the  coming  thing  for  sawmills.  " 

WAX 

The  second  group  of  Douglas  fir  bark  ex¬ 
tractives  of  potential  commercial  value  in¬ 
cludes  the  weoces.  Douglas  fir  bark  contains 
on  the  average  about  5  percent  of  a  light- 
colored  wax  soluble  in  hexane  or  petroleum- 
type  hydrocarbon  solvents.  In  addition,  it 
contains  about  2-1/2  percent  of  a  brown- 
colored  W2UC  soluble  in  aromatic  type  solvents 
or  in  chlorinated  hydrocarbon  solvents.  The 
total  wax  content  of  the  bark  taken  from 
Douglas  fir  sawlogs  in  the  Willamette  Valley 
has  averaged  quite  consistently  about  7.5  per¬ 
cent.  The  cork  fraction  in  the  bark  contains 
the  most  wax;  sometimes  this  amounts  to 
about  13  percent  of  the  oven-dry  weight  of  the 
cork.  The  wax  can  be  solvent-extracted  from 
wet  or  dry  bark;  drying  of  the  bark  prior  to 
wax  extraction  is  unnecessary.  Wax  extract¬ 
ed  with  benzene  or  trichlorethylene  from  wet 
bark  is  usually  red-colored,  for  a  little  of  the 
tannin  may  be  removed  along  with  the  water 
from  the  wet  bark. 

In  the  Laboratory's  experimental  batch  ex¬ 
tractor,  approximately  90  percent  of  the  weuc 
was  extracted  from  Douglas  fir  bark  with 
benzene  in  three  hours  with  nearly  complete 
recovery  of  the  solvent  by  steaming  the  ex¬ 
tracted  bark  residue. 

The  color  of  the  crude  benzene -extracted 
wax  from  dry  bark  is  light  brown  to  reddish- 
brown.  Approximately  two-thirds  of  the  ben¬ 
zene  soluble  wax  is  soluble  in  hexane. 

« 

The  melting  point  of  the  Douglas  fir  bark 
waxes  is  about  the  same  as  that  for  beeswax. 
They,  however,  are  harder  than  beeswax  but 
not  as  hard  as  carnauba  wax.  The  chemical 
composition  of  the  hexane  soluble  wax  was 
found  to  be  about  60  percent  lignoceric  acid, 
20  percent  lignoceryl  alcohol,  and  20  percent 
ferulic  acid.  Small  amounts  of  sterols  are 
also  present. 


The  ferulic  acid  is  a  very  reactive  aromatic 
acid  and,  as  far  as  is  known,  Douglas  fir  wcuc 
is  the  only  vegetable  wax  that  contains  an 
aromatic  substance  of  this  nature.  This  ma¬ 
terial  gives  the  wax  many  interesting  and 
unique  properties.  It  affords  the  organic 
chemist  many  opportunities  to  modify  the  pro¬ 
perties  of  the  wax.  Ferulic  acid  itself  may 
be  converted  into  vanillin,  a  familiar  sub¬ 
stance. 

During  the  past  year  this  laboratory  has  had 
requests  from  a  large  number  of  companies 
for  one-  to  ten-pound  samples  of  the  eax.  For 
most  important  industrial  uses  of  the  weix,  it 
would  be  desirable  to  raise  its  melting  point, 
increase  its  hardness,  and  increase  its 
solvent-retention  properties.  A  simple,  cheap 
means  for  accomplishing  this  now  has  been 
found.  The  melting  point  can  be  raised  to 
exceed  that  of  carnauba  wax;  in  fact,  the  melt¬ 
ing  point  can  be  increased  as  much  as  50°  C. 
Improvement  in  hardness  and  increase  in  sol¬ 
vent  retention  are  also  obtained.  These  pro¬ 
perties  are  desirable  when  the  waix  is  to  be 
used  on  floors  and  for  polishes.  Details  of 
the  process  cannot  be  discussed  until  the  in¬ 
terests  of  the  State  of  Oregon  are  protected. 

Douglas  fir  weuc  gives  a  clear,  high  gloss 
to  wood  surfaces.  The  hardened  wax  is  easily 
applied  and  requires  very  little  rubbing  to 
give  a  highly  lustrous  polish.  Douglas  fir  wax 
also  has  the  unique  property  of  being  easily 
emulsified.  This  is  desirable  when  the  wax 
is  used  for  liquid  polishes.  We  believe  that 
the  necessary  changes  desired  by  potential 
wax  users  have  been  accomplished  and  that 
the  WEUC  will  find  many  large -volume  uses. 

This  country  imports  all  of  its  carnauba  wax 
requirements,  a  major  proportion  of  its  can- 
delilla  wax,  and  about  70  percent  of  its  bees¬ 
wax  requirements.  Carnauba  and  candelilla 
are  high  cost  waxes.  Calculated  on  the  basis 
that  a  5  percent  yield  of  hexane -soluble  wax 
is  obtainable  from  Douglas  fir  bark  and  assum¬ 
ing  that  it  will  sell  for  the  price  of  beeswEix,  the 
potential  value  of  the  wax  from  one  ton  of  dry 
Douglas  fir  bark  is  $50.00. 

It  has  been  reported  that  it  costs  from  $6.00 
to  $7.00  to  solvent  extract  a  ton  of  oil  meal 
in  a  continuous -type  extractor.  It  would  appear 
that  the  cost  of  extracting  a  ton  of  Douglas  fir 
bark  should  be  somewhat  comparable. 

No  estimates  have  been  placed  on  the  potent¬ 
ial  value  of  the  hexane -insoluble  weuc.  This 
wax  has  a  more  complex  chemical  composition 
than  the  hexane -soluble  weuc,  but  it  has  desir¬ 
able  properties  and  potential  commercial  value. 
The  yield  of  this  weuc  from  Douglas  fir  bark 
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amounts  to  approximately  2.5  percent  or  50 
pounds  per  ton  of  dry  bark. 

DIHYDROQUERCETIN 

The  third  chemical  of  commercial  impor¬ 
tance  occurring  in  Douglas  fir  bark  is  dihy¬ 
droquercetin.  This  is  a  white  crystalling  com¬ 
pound  that  belongs  to  the  group  of  organic  com¬ 
pounds  known  as  "flavonoids.  "  Yields  of  more 
than  7  percent  have  been  obtained  from  some 
bark,  the  largest  concentrations  being  found 
in  the  cork  fraction  of  the  bark.  Some  Douglas 
fir  cork  has  been  found  to  contain  more  than 
20  percent  by  weight  of  dihydroquercetin. 

Some  flavonoids  possess  the  pharmacological 
properties  characteristic  of  the  so-called  vita¬ 
min  P,  are  beneficial  in  the  treatment  of  frost¬ 
bite  and  fragility  of  blood  capillaries,  and  are 
excellent  antioxidants  for  the  prevention  of 
rancidity  in  fats  and  oils.  Tests  also  are  un¬ 
derway  to  determine  their  effectiveness  for  the 
treatment  of  radiation  burns.  The  flavonoids 
differ  in  their  abilities  to  accomplish  the  de¬ 
sired  results  when  used  for  these  purposes. 

The  naturally  occurring  yellow  coloring 
matter,  quercetin,  has  a  high  degree  of  activity 
for  several  of  these  uses.  Rutin,  a  glucoside 
of  quercetin,  now  is  commercially  extracted 
from  buckwheat  for  the  pharmaceutical  trade 
and  sells  for  about  $25.00  a  pound.  Both  of 
these  materials  appear  to  be  nontoxic. 

During  the  past  year  we  have  prepared  and 
sent  many  samples  of  dihydroquercetin  to 
laboratories  for  evaluations  of  its  potential 
usefulness.  Our  tests  and  those  of  industry 
have  shown  that  dihydroquercetin  is  an  ex¬ 
cellent  antioxidant  for  the  prevention  of  ran¬ 
cidity  of.food  products.  It  compares  favorably 
with  propyl  gallate,  which  is  now  used  for  this 
purpose.  Dr.  DeEds  in  the  U.  S.  Department 
of  Agriculture  Laboratory  at  Albany,  Calif.  , 
has  reported  that  dihydroquercetin  and  quer¬ 
cetin  are  beneficial  for  the  treatment  of  frost¬ 
bite  injury.  Other  clinical  tests  are  still  in 
progress.  At  this  time,  it  appears  that  large- 
scale  important  uses  for  dihydroquercetin  will 
develop.  The  current  prices  for  rutin,  quer¬ 
cetin,  and  related  flavonoids  make  the  produc¬ 
tion  of  dihydroquercetin  from  Douglas  fir  bark 
appear  very  attractive. 

QUERCETIN 

Dihydroquercetin  differs  chemically  from 
quercetin  only  in  that  it  has  two  more  hydrogen 
atoms  in  the  molecule  than  quercetin.  Dihy¬ 
droquercetin  is  converted  into  quercetin  quite 
easily.  In  fact,  if  appropriate  precautions  are 
not  taken  in  its  isolation  from  Douglas  fir  bark. 


quercetin  is  obtained  in  lieu  of  dihydroquercetin. 
As  already  mentioned,  quercetin  is  an  expen¬ 
sive,  nontoxic  organic  chemical  having  many 
uses.  The  possibility  of  converting  dihydro¬ 
quercetin  into  quercetin  thus  increases  its 
potential  market. 

SUMMARY 

Douglas  fir  bark  contains  potentially  useful 
organic  chemicals  in  commercially  extractable 
quantities  for  which  good  markets  exist.  It 
is  believed,  from  work  done  during  the  past 
two  years  on  integrated  extraction  processes, 
that  all  of  these  chemicals  may  be  produced 
from  sawlog  bark,  and  the  extracted  bark  resi¬ 
due  can  still  be  used  further  for  fuel,  as  soil 
conditioners,  in  destructive  distillation,  or 
for  the  mechanical  separation  of  cork,  bast 
fibers,  and  other  bark  products. 

TANNIN  EXTRACTING  EQUIPMENT 

The  following  paragraphs  include  a  suggested 
list  of  equipment  that  would  be  required  for  a 
commercial  tannin  extraction  process  using 
Douglas  fir  bark. 

Bark  Dryer 

Adequate  bark  drying  equipment  can  be  fabri¬ 
cated  locally.  The  Combustion  Engineering 
Corporation,  Chicago,  Ill.  ,  manufactures  a 
grinder -flash  drying  combination  mill.  A  6- 
unit,  single -conveyor  dryer  producing  2  tons 
of  dry  bark  per  hour,  manufactured  by  Proctor 
and  Schwartz  Company,  Philadelphia,  costs 
$22,000. 

Bark  Grinders 

These  could  be  of  the  hammer  mill  type,  but 
a  mill  giving  a  shaving  action  is  preferable. 

Bark  Leaching  Tanks 

These  are  circular  wooden  tanks  varying 
from  10  to  18  feet  in  diameter  and  from  10  to 
17  feet  in  height.  They  are  generally  equipped 
with  a  rotating  arm  to  discharge  the  spent  bark 
through  a  2 -foot  square  opening  in  the  bottom 
of  the  tank.  The  bark  is  extracted  with  hot 
water,  countercurrently,  in  a  series  of  5  or  6 
tanks. 

Evaporators 

A  100-ton  per  day  bark  extraction  plant,  using 
about  7.0  pounds  of  water  per  pound  of  dry  bark 
for  leaching,  will  require  an  evaporator  that  has 
the  capacity  to  evaporate  about  53,000  pounds  of 
water  per  hour.  This  evaporator  requires 
17,000  pounds  of  steam  per  hour  and  700  gallons 
of  recondenser  cooling  water  per  minute.  The 
cost  of  this  size  evaporator,  including  pumps 
and  interconnections,  is  about  $150,000. 
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Iijitial  temperature  of  the  tannin  liquor  on  the 
first  stage  may  be  200°  F.  or  less.  Tempera¬ 
ture  of  the  final  stage  should  be  approximately 
125°  F.  These  temperatures  are  within  the 
safe  limits  for  Douglas  fir  tannin  extract. 

Spray  Dryers 

Prices  for  installed  dryers  are  as  follows: 

L  For  a  10-foot  dryer  with  a  production 
capacity  up  to  12  tons  of  dry  extract  per  day, 
the  cost  is  about  $45,000. 

2.  For  a  14-foot  dryer  with  a  production 
capacity  between  12  and  26  tons  of  dry  powder 
per  day,  the  cost  is  $70,000. 

3.  For  an  18-foot  dryer  with  a  production 
capacity  of  from  26  to  38  tons  of  dry  powder 
per  day,  the  cost  is  $95,000. 

WAX  SOLVENT  EXTRACTORS 

A  50-ton  capacity  horizontal  continuous  bas¬ 
ket  extractor,  manufactured  by  the  French  Oil 
Mill  Machinery  Company,  Piqua,  Ohio,  costs 
$34,500.  The  price  of  their  complete  soybean 
solvent  extraction  plant  of  50-ton  capacity  is 
$100,000. 

A  complete  25-ton  daily  capacity  soybean 
continuous  solvent  extractor  manufactured  by 
the  Crown  Iron  Works  Company,  Minneapolis, 
Minn.,  cost  approximately  $100,000. 

The  Detrex  Corporation,  Detroit,  Mich.  , 
manufactures  continuous  solvent  extractors  of 
25-  to  200-ton  capacities. 

Other  manufacturers  of  continuous -type  sol¬ 
vent  extractors  are:  Allis -Chalmers  Mfg.  Co.  , 
Milwaukee,  Wis.  ;  Blaw-Knox  Co.  ,  Pittsburgh, 
Pa.  ;  and  Vulcan  Copper  and  Supply  Co.  ,  Cin¬ 
cinnati,  Ohio. 
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The  Compression  of 
Douglas  Fir  Veneer  During  Pressing 

M.  D.  MACDONALD,  Wood  Technologist,  Oregon  Forest 
Products  Laboratory,  Corvallis,  Ore. 


ABSi^NCil  of  information  concerning  the  com¬ 
pression  of  veneer  assemblies  during  the 
manufacture  of  hot-pressed  plywood  is  respon¬ 
sible  for  raw  material  losses  that  may  vary 
from  5  to  15  percent  or  more  of  the  usable  vol¬ 
ume  of  peeler  logs.  These  losses  are  incurred 
largely  through  the  practice  of  cutting  veneers 
oversize  in  thickness  to  allow  for  expected  • 
compression.  This  excess  thickness  is  waste- 
fully  lost  during  the  process  of  manufacture, 
either  through  compression  of  the  wood  or  by 
sanding  from  the  surfaces  of  finished  panels. 

In  Oregon  and  surrounding  areas,  Douglas 
fir  is  the  principal  species  used  in  the  manu¬ 
facture  of  plywood.  For  this  reason,  it  is  ad¬ 
visable  to  have  information  concerning  the  com¬ 
pression  of  veneers  derived  from  this  wood. 

The  purpose  of  this  report,  therefore,  is  to 
present  data  and  information  relative  to  the 
reaction  of  Douglas  fir  veneer  subjected  to 
variables  of  pressure,  temperature,  and  time. 

In  addition  to  a  discussion  of  the  compression 
of  Douglas  fir  veneer,  a  description  of  and  data 
relative  to  a  newly-devised  method  of  control¬ 
ling  the  amount  of  compression  for  given  com¬ 
binations  of  pressure,  temperature,  and  time 
are  included.  The  use  of  radio  frequency  energy 
as  a  source  of  heat  for  curing  glue  lines  is  also 
considered. 

FACTORS  INVOLVED  IN  COMPRESSION 
OF  DOUGLAS  FIR  VENEER 

Many  factors  are  involved  in  the  compression 
of  Douglas  fir  veneer.  Surface  characteristics, 
moisture  content,  specific  gravity,  adhesive 
spread,  temperature,  pressure,  pressing  time, 
and  conditioning  treatment  affect  the  final  thick¬ 
ness  of  the  plywood  produced.  These  and  other 
points  are  discussed  briefly. 

Surface  Characteristics  of  Veneer 

The  mechanical  condition  of  the  lathe  and  the 
ability  of  the  workmen  responsible  for  veneer 
cutting  are  of  major  concern  if  the  highest  quality 
veneer  is  to  be  obtained  from  a  peeler  log.  In¬ 
adequate  consideration  of  either  of  these  factors 
can  result  in  the  manufacture  of  veneer  having 
defects,  such  as  irregularities  in  thickness, 
rough  surfaces,  excessively  loose  surfaces, 
separation  of  annual  rings,  and  ridges  or  grooves. 
These  and  similar  defects  hre  responsible  for 
the  production  of  much  low-grade  plywood  and 
at  the  same  time  are  responsible  for  the  waste, 


through  compression,  of  what  could  have  been 
usable  wood. 

Unfortunately,  limitations  of  equipment  and 
the  quality  of  Douglas  fir  peeler  logs  madce  it 
impossible  to  cut  veneer  that  is  perfectly  smooth. 
Knots,  pitch  pockets,  compression  wood,  varia¬ 
tion  of  annual  rings,  and  growth  irregularities, 
all  factors  beyond  the  control  of  the  veneer  mill, 
contribute  to  the  production  of  veneer  that  must 
be  pressed  at  elevated  pressures  to  obtain  the 
intimacy  of  contact  necessary  for  good  bonding. 

Development  of  a  good  bond  between  plies  in 
hot-pressed  plywood  is  dependent  on  intimate 
surface  contact  between  adjoining  plies.  High 
pressures  are  necessary  if  thick  and  thin  spots 
and  other  irregularities  are  to  be  ironed  out  in 
order  to  achieve  conditions  favorable  to  qualify 
gluing.  The  need  for  high  pressure  declines  as 
the  character  of  the  adjoining  veneer  faces  im¬ 
proves.  Veneers  having  perfectly  smooth  faces 
could  be  pressed  into  plywood  with  the  applica¬ 
tion  of  pressure  as  low  as  25  psi.  If  such  were 
attained,  the  loss  of  wood  volume  due  to  com¬ 
pression  would  be  negligible. 

Moisture  Content 

The  amount  of  compression  produced  in  a 
piece  of  Douglas  fir  veneer  subjected  to  fixed 
conditions  of  pressure,  temperature,  and  time 
will  vary  considerably  with  the  moisture  content 
of  the  veneer.  Increased  moisture  content  will 
increase  compressibility.  The  moisture  derived 
from  the  adhesive  in  a  plywood  assembly  ready 
for  pressing  is  significant.  Assemblies  with 
adhesives  containing  large  quantities  of  water 
will  compress  more  than  assemblies  spread 
with  adhesives  having  low  water  content.  Data 
presented  in  this  publication  are  derived  from 
assemblies  in  which  an  exterior  type  resin  ad¬ 
hesive  was  used.  The  water  available  from  this 
and  similar  exterior  adhesives  is  usually  less 
than  that  from  interior  type  adhesives.  In  exam¬ 
ining  the  compression  data  presented  for  various 
conditions  of  pressing,  the  reader  should  keep 
in  mind  that  the  time-compression  relationship 
will  be  significantly  higher  when  most  inferior ' 
type  adhesives  are  used. 

Specific  Gravity 

The  effect  of  specific  gravity  on  compressibility 
was  observed,  but  not  studied  in  detail.  Approxi¬ 
mately  80  percent  of  the  veneer  used  for  experi¬ 
mental  purposes  fell  within  the  range  of  0.  42 
to  0.55.  For  this  reason,  the  data  shown  apply 
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to  an  average  specific  gravity  of  about  0.48. 

In  instances  where  veneers  had  consistently 
higher  or  lower  values  for  specific  gravity, 
the  amount  of  compression  under  fixed  condi¬ 
tions  of  time,  temperature,  and  pressure  var¬ 
ied  accordingly.  The  relationship  between 
specific  gravity  and  compressibility  is  inverse. 

A  low  specific  gravity  piece  of  wood  will  assume 
greater  compression  than  one  of  high  specific 
gravity. 

Adhesive  Spread 

Type,  quantity  of  spread,  open  and  closed 
assembly  times,  and  method  of  application  of 
adhesive  are  factors  that  affect  the  compres¬ 
sion  of  veneers,  chiefly  because  of  their  in¬ 
fluence  on  the  moisture  content  of  an  unbonded 
plywood  assembly.  If  a  choice  can  be  made 
between  a  relatively  dry  or  a  relatively  wet 
adhesive  that  produce  equally  satisfactory 
bonds,  in  the  interest  of  reduced  compression 
losses,  the  adhesive  having  the  lower  water 
content  should  be  used. 

Temperature 

Data  were  taken  at  temperature  settings  of 
240,  260,  280,  300,  and  320  degrees  F.  The 
curves  derived  from  these  data  show  that  com¬ 
pression  is  directly  related  to  temperature 
during  a  pressing  cycle.  The  low  thermal 
conductivity  of  wood  is  responsible  for  establish¬ 
ing  a  temperature  gradient  throughout  the  thick¬ 
ness  of  an  assembly  placed  between  heated  pla¬ 
ten  surfaces.  The  existence  of  temperature 
gradients  is  in  turn  responsible  for  gradients 
in  compressibility  between  face  and  core  plies 
of  assemblies.  The  effect  of  compressibility 
gradients  can  be  minimized  through  use  of 
lower  platen  temperatures,  by  inserting  fewer 
assemblies  between  sets  of  platens,  or  by.  re¬ 
ducing  the  pressure  according  to  the  changed 
compressibility  of  the  wood.  The  last  technique, 
which  seems  to  be  the  only  fully  practical  solu¬ 
tion  to  the  problem  involved,  is  explained  in 
detail  in  the  discussion  of  controlled  compres¬ 
sion. 

Information  concerning  the  factors  involved 
in  the  transfer  of  heat  between  the  plies  of  a 
plywood  assembly  is  presented  in  Report  No. 
R1299,  The  Rate  of  Temperature  Change  in 
Wood  Panels  Heated  Between  Hot  Plates,  avail¬ 
able  from  the  U.  S.  Forest  Products  Labora¬ 
tory,  Madison,  Wis. 

Pressure 

The  range  of  pressures  used  in  this  study  was 
selected  on  the  basis  of  current  recommendations 
of  adhesive  manufacturers.  The  mid-point  of 
the  range,  180  psi.  ,  is  regarded  as  an  optimum 
value.  Pressures  of  these  magnitudes  are  neces¬ 
sary  because  of  the  comparatively  rough  surfaces 
and  variations  in  thickness  of  the  veneers  that 


are  bonded  into  Douglas  fir  plywood.  Adhesives 
do  not  require  high  pressure  in  order  to  obtain 
their  greatest  strength.  If  veneers  of  uniform 
thickness  and  comparatively  smooth  surfaces 
could  be  produced,  pressure  requirements  might 
be  reduced  substantially.  Data  were  obtained 
for  pressures  of  100,  140,  180,  220,  and  260  psi. 
The  effect  of  these  pressure  variations  on  com¬ 
pression  (expressed  as  a  percentage  of  the  ori¬ 
ginal,  unbonded  thickness  of  an  assembly)  is 
shown  in  Fig.  1. 

Time 

^  The  effect  of  time  on  compression  is  directly 
related  to  the  factors  controlling  transfer  of 
heat  through  a  plywood  assembly.  If  the  time 
cycle  is  extended  over  a  sufficiently  long  period, 
the  temperature  throughout  the  thickness  of  an 
assembly  will  be  equalized,  and  the  maximum 
amount  of  compression  will  be  obtained  for  a 
given  combination  of  pressure  and  temperature. 
The  amount  of  compression  in  experimental 
panels  was  determined  at  one-minute  intervals 
over  a  total  time  span  of  20  minutes  (Fig.  2). 

It  is  significant  that  in  all  cases  the  maximum 
compression  of  a  3-ply  3/8-inch  assembly  was 
approached  at  the  end  of  10  minutes.  Compres¬ 
sion  continued,  however,  at  a  very  low  rate 
during  the  balance  of  the  20-minute  period,  but 
it  was  considered  to  be  impracticable  to  deter¬ 
mine  the  ultimate  compression  that  may  have 
occurred  under  prolonged  application  of  pressure. 
Figs.  3,  4,  5,  6,  7,  and  8  show  the  effect  of 
pressing  time  on  compression  (expressed  as 
percentages  of  the  thicknesses  of  the  unpressed 
assemblies)  at  various  temperatures. 

Rate  of  Compression 

Excimination  of  the  20-minute  curves  in  Fig.  2 
shows  that  the  major  amount  of  compression  took 
place  within  the  first  five  minutes  of  the  pressing 
cycle.  For  any  one-minute  interval,  the  greatest 
amount  of  compression  occurred  in  the  first  min¬ 
ute;  the  compression  in  each  succeeding  minute 
was  less  than  that  for  the  preceding  one. 

Initial  Compression  and  Final  Thickness 

Conditioning  of  samples  to  a  12  percent  equi¬ 
librium  moisture  content  resulted  in  recovery 
of  thickness  after  the  pressing  operation.  The 
curves  mentioned  previously  are  presented  on 
the  basis  of  initial  compression;  that  is,  the 
compression  developed  during  the  pressing  cycle. 
Table  1  shows  the  thickness  recovery  accompany¬ 
ing  the  increase  in  moisture  content  during  the 
conditioning  period.  Panels  conditioned  to  an 
equilibrium  moisture  content  of  less  than  12  per¬ 
cent  will  recover  less  thickness,  whereas  panels 
conditioned  to  a  higher  moisture  content  will  show 
greater  recovery. 
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Table  1.  REIATI(»iSHIPS  BEHTEEli  TEMPERATURE,  PRESSURE, 
INITIAL  CCMPRESSKW,  AND  FINAL  COMPRESSION  AFTER 
CONDITIONINQ  PRESSED  WOOD  TO  12  PER  CENT 
MOISTURE  COMTEMr 

(Percentages  based  on  thickness  of  unpressed  wood 
subjected  to  ^-minute  pressing  cycle) 


I 

Compression  1 

Recovery  trca 

Pressing 

Tanoeratiire 

Pressure 

Before 

conditioning 

Aftsr 

conditioning 

initial 

compressicm 

Deg,  F, 

Psl, 

Per  cent 

Per  cait 

Per  cent 

220 

100 

2.1»U 

m  m  m 

lliO 

3.ii7 

•  .  •  • 

180 

U.5U 

-  «  .  • 

220 

5.32 

...  - 

260 

9.62 

.... 

2U0 

100 

2.55 

0.68 

1.87 

lUO 

3.55 

0.60 

2.95 

180 

5.27 

3.07 

2.20 

220 

5.31 

3.58 

1.76 

260 

8.99 

5.76 

3.23 

260 

100 

2.71 

1.72 

0,99 

lliO 

U.08 

2.51* 

1.51* 

180 

5.69 

3.88 

1.81 

220 

6.20 

3.90 

2.30 

260 

8.85 

6.11 

2.71* 

280 

100 

3.11* 

1.87 

1.27 

lUO 

5.U7 

3.82 

1.65 

180 

6.39 

U.87 

1.52 

220 

10.58 

7.30 

3.28 

260 

17.90 

12.98 

1*.92 

300 

100 

U.61 

2.62 

1.99 

UiO 

5.50 

1*.08 

1.1*2 

180 

10.20 

7.72 

2.U8 

I  220 

U,9U 

9.06 

2.88 

1  260 

16.3U 

12.00 

U.3U 

320 

1  100 

U.16 

2.U1 

1.75 

lUO 

5.96 

U.20 

1.76 

'  180 

10.1*5 

7.U3 

3.02 

i  220 

II1.52 

10.12 

l*.l*o 

1  260 

1 

18.90 

J _ 

Strength 

Table  Z  shows  percentages  of  wood  failure  and 
shear  strength  values  for  different  combinations 
of  temperature  and  pressure  during  the  pressing 
cycle.  It  is  evident  that  variation  in  shear 
strength  and  wood  failure  within  the  range  of 
applied  conditions  is  limited.  Temperature 
apparently  has  a  somewhat  greater  influence 
than  pressure  on  wood  failure  values. 

Normal  Limit 

The  curves  of  time  versus  compression  show 
values  that  are  only  approximate.  It  has  been 
determined  that  the  actual  compression,  re¬ 
sulting  from  the  application  of  given  combina¬ 
tions  of  time,  temperature,  and  pressure  will 
vary  as  much  as  16  percent  from  the  values 
shown  by  the  curves.  This  variation  in  coro- 
pression,  which  will  occur  when  different  panels 


are  subjected  to  identical  conditions  of  pressing, 
is  described  as  the  "normal  limit.  "  The  variable 
characteristics  of  wood,  as  an  unrefined  raw 
material,  are  responsible  for  this  range  in 
compression  values. 

CONTROLLED  COMPRESSION 

The  principle  involved  in  compression  control, 
mechanical  devices  for  effecting  such  control, 
economic  advantages  of  practicing  compression 
control,  and  the  effect  on  shear  strength  values 
for  plywood  pressed  under  controlled  and  uncon¬ 
trolled  compression  conditions  are  hereinafter 
described. 

Method  of  Effecting  Control 

Through  the  use  of  limit-control  instrumenta¬ 
tion  and  remote  by-pass  valves  located  in  hydraulic 
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pressure  lines,  closure  of  loaded  platens  of 
hydraulic  presses  can  be  controlled  to  stop 
automatically  at  any  pre-selected  amount  of 
opening.  When  plywood  assemblies  are  bonded 
in  a  press  equipped  with  such  a  mechanical 
arrangement,  press  loads  of  the  same  height 
may  be  pressed  to  a  predetermined  thickness, 
or  press  loads  of  different  heights  may  be  pres¬ 
sed  to  specific  percentages  of  the  load  heights. 
Control  is  accomplished  by  creating  a  mechani¬ 
cal  balance  between  the  resiliency  of  the  wood 
being  pressed  and  the  pressure  that  is  applied 
through  the  press  rams. 

Application  of  the  foregoing  principle  permits 
precise  control  of  the  amount  of  compression 
to  which  the  plywood  assemblies  in  a  load  will 
be  subjected.  As  discussed  previously,  thick 
and  thin  spots  in  veneer  and  irregular  veneer 
surfaces  make  it  mandatory  to  press  plywood 
assemblies  under  conditions  of  relatively  high 
pressure.  Thermosetting  adhesives  require 
application  of  heat  during  pressing  cycles. 
Pressure  must  be  maintained  until  heat  has 
penetrated  to  the  inner  glue  lines  of  an  assembly. 
This  sustained  pressure  causes  greater  cumu¬ 
lative  compression  in  individual  veneers  as  the 
time  cycle  required  for  heat  to  penetrate  is  ex¬ 
tended. 

A  press  equipped  with  limit-control  devices 
would  eliminate  compression  in  excess  of  that 
necessary  to  smooth  out  irregularities  in  thick¬ 
ness  and  to  establish  adequate  surface  contact 
between  adjoining  plies  of  veneer.  As  an  ex¬ 
ample,  suppose  a  rough  calculation  indicates 
that  a  3  percent  over-all  compression  is  neces¬ 
sary  to  bring  each  ply  of  veneer  into  full  sur¬ 
face  contact  with  the  plies  on  each  side.  If 
an  additional  one  percent  compression  were 


allowed  as  a  safety  factor,  total  compression 
necessary  would  be  4  percent.  Knowing  the 
total  thickness  of  the  unpressed  assembly,  it 
would  be  a  simple  matter  to  determine  the 
thickness  of  the  same  assembly  when  bunded, 
allowing  4  percent  for  compression.  The  final 
thickness  could  be  established  with  a  high  degree 
of  accuracy  by  the  limit-control  mechanism 
attached  to  the  press.  Actual  pressing,  then, 
would  consist  of  applying  normal  pressures 
(180  to  220  psi.)  for  normal  time  periods  at 
normal  temperature  settings.  When  the  pre¬ 
determined  amount  of  compression  had  been 
reached,  the  hydraulic  pressure  applied  against 
the  press  rams  automatically  would  be  decreased 
by  any  necessary  amount.  This,  in  effect,  would 
result  in  the  application  of  progressively  decreas¬ 
ing  pressure  against  the  rams  after  the  total 
allowable  compression  had  been  attained. 

Mechanical  Equipment 

The  control  means  that  have  been  devised  to 
limit  compression  can  be  applied  with  equal 
facility  to  hydraulic  or  pneumatic  ram-type 
presses.  Fig.  9  is  a  schematic  diagram  of  a 
control  adapted  to  a  hydraulic  press.  The 
system  would  be  identical  when  applied  to  a 
pneumatic  press,  with  the  exception  that  an 
air  compressor  or  air  supply  would  be  substi¬ 
tuted  for  the  hydraulic  pump  and  reservoir. 

Operation  of  the  control  system  is  dependent 
on  the  fact  that  plywood  assemblies  between  the 
press  platens  will  compress.  As  the  thrust 
platen  compresses  theload  the  desired  amount, 
the  contact  point  attached  to  this  platen  operates 
a  system  of  levers,  permitting  closure  of  the 
flapper  valve  in  the  pneumatic  amplifying  unit. 
Closure  of  this  flapper  valve  causes  air  pressure 
to  open  a  diaphragm -type  regulating  valve, 


Table  2,  RESULTS  OF  SHEAR  TESTS  ON  3-PLY,  3/8-INCH  PLYWOOD 
P/JIELS  PRESSED  UMJER  VARIOUS  CONDITIONS  OF  TEMPERATURE 
AND  PRESSURE 

(Flve^minute  pressing  cycle) 


Pressure,  i  ;  temperature,  degrees 


_ Esis _ i 

Property  i 

ms 

520^ 

^ood  failure,  > 

70.0  ! 

71.7 

82.7 

81.2 

79.3 

i 

i  Shear  strengtii,  psi* 

198.0 

215.5 

218.6  i 

j 

220.7 

210.0 

liiO  1 

Wood  failure,  % 

7U.3 

09*7 

70*5 

83.5  I 

85.0 

86.8 

Shear  strength,  psl* 

290*7 

1 

227*1 

2U3.7 

237.5  1 

231.9 

226.5 

100  I 

Wood  failure,  %  \ 

1  86.0 

81.5 

86.2 

83.3  j 

91.7 

89.2 

Shear  strength,  psi*  j 

231.5 

233.1 

221.9 

237.6  I 

1  216.2 

256.5 

220 

Wood  failure,  %  \ 

i  7U.8  * 

77.7 

75.5 

88.8  1 

88.5 

93.2 

i  Shear  strength,  psi*  j 

1  27l*.8  j 

212.1 

230.2 

22U.O 

!  2U6.9 

223.8 

260  : 

j  Wood  failure,  %  \ 

i  88.3 

1  79.5  i 

87.8 

79.8 

9U.3 

9U.8 

I 

1  Shear  strength,  psi* 

1  238.2 

2l»3.7  1 
'  i 

2Uli.3 

1 

203.1  j 

1  268.1 

21i9.5 
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located  in  the  by-pass  oil  line,  thus  permitting 
a  bleed-off  of  hydraulic  pressure  that  is  suf¬ 
ficient  to  balance  the  resiliency  of  the  press  load 
at  the  established  control  point.  When  the  wood 
forces  the  thrust  platen  below  the  control  setting, 
the  lever  system  opens  the  flapper  valve  in  the 
amplifying  unit  to  release  air  pressure  on  the 
diaphragm,  permitting  the  regulating  valve  to 
close 'and  to  increase  the  hydraulic  pressure 
applied  to  the  press.  After  initial  reactions, 
the  throttling  action  of  the  pneumatic  amplifier 
creates  variable  air  pressure  that  controls  the 
movements  of  the  thrust  platen  within  very  nar¬ 
row  limits.  This  control  device  is  particularly 
applicable  to  press  loads  of  constant  height, 
since  loads  of  variable  heights  necessitate  ad¬ 
justments  of  the  micrometer  contact  point. 

In  instances  where  press  loads  of  different 
heights  are  used,  it  is  considered  advisable  to 
control  compression  on  the  basis  of  a  percentage 
of  the  original  thickness  of  each  press  load. 

To  accomplish  this  automatically,  a  simple 
mechanical  computor  can  be  inforporated  be¬ 
tween  the  press  and  the  pneumatic  amplifying 
unit.  Fig.  10  shows  the  basic  design  of  such 
a  computor . 

In  action,  the  tracking  wheel  will  follow  the 
proportioning  guide  as  the  position  of  the  thrust 
platen  of  the  press  changes  during  closure. 
Through  the  use  of  racks  and  pinions,  the  move¬ 
ment  of  the  tracking  wheel  on  the  porportioning 
guide  surface  keeps  the  distance  between  the 
contact  point  of  the  vertical  rack  arm  and  the 
horizontal  amplifier  lever  at  a  fixed  percentage 
of  the  distance  between  the  press  platens.  The 
slope  of  the  porportioning  guide  may  be  varied 
to  change  this  percentage. 

When  the  press  is  being  closed  on  a  load, 
tracking  is  permitted  to  occur  until  the  platens 
are  fully  closed  under  contact  pressure.  The 
horizontal  rack  arm  is  locked  at  this  point, 
thereby  preventing  further  tracking,  and  the 
pressure  to  be  applied  is  brought  to  a  maximum. 
As  the  load  compresses  under  pressure,  the 
vertical  rack  arm  and  the  horizontal  amplifier 
lever  at  a  fixed  percentage  of  the  distance  be¬ 
tween  the  press  platens.  The  slope  of  the  pro¬ 
portioning  guide  may  be  varied  to  change  this 
percentage. 

When  the  press  is  being  closed  on  a  load, 
tracking  is  permitted  to  occur  until  the  platens 
are  fully  closed  under  contact  pressure.  The 
horizontal  rack  arm  is  locked  at  this  point, 
thereby  preventing  further  tracking,  and  the 
pressure  to  be  applied  is  brought  to  a  maximum. 
As  the  load  compresses  under  pressure,  the 
vertical  rack  arm  moves  directly  with  platen 
closure  to  operate  the  pneumatic  amplifier.  A 
micrometer  adjustment  is  provided  for  the  ver¬ 


tical  rack  arm  contact  point  in  order  to  correct 
for  wear  in  the  mechanical  system.  The  pro¬ 
portioning  guide  indicated  in  Fig.  11  permits 
rapid  adjustment  to  any  percentage  of  com¬ 
pression  desired. 

The  limit  devices  described  can  be  applied 
with  equal  facility  to  all  types  of  presses. 

Presses  having  steam  heated  platens,  electrical 
resistance  heated  platens,  or  those  utilizing 
radio  frequency  energy  are  equally  adaptable  to 
this  method  of  controlling  compression.  It  is 
probable  that  commercial  application  of  the 
principle  will  require  installation  of  these  devices 
and  associated  amplifiers  at  two  or  more  stations 
on  a  press.  This  may  be  necessary  to  avoid 
platen  "tilt,  "  which  could  result  from  extreme 
closure  at  points  on  the  platen  surface  that  are 
removed  (i.  e.  ,  opposite  side  of  platen)  from 
a  single  station. 

Although  the  foregoing  devices  are  of  mechani¬ 
cal-pneumatic  action  types,  electrical  circuits 
and  control  equipment  can  be  applied  equally 
satisfactorily. 

Economic  Advantages 

Several  very  definite  savings  in  the  cost  of 
producing  plywood  are  possible  through  the  use 
of  equipment  designed  to  control  compression. 

In  the  first  place,  as  previously  indicated,  a 
relatively  substantial  saving  of  veneer  is  pos¬ 
sible.  Secondly,  the  total  power  consumption 
required  to  produce  a  load  of  plywood  will  be 
decreased  because  a  reduced  average  pressure 
can  be  applied  during  the  pressing  cycle  (see 
Fig.  12).  A  reduced  average  pressure  diminishes 
energy  requirements.  Expressed  in  terms  of 
dollars  and  cents  for  kilowatts  of  energy  required 
to  operate  hydraulic  pumps,  the  work  saved  is 
of  economic  advantage.  Furthermore,  a  re¬ 
duced  work  load  on  mechanical  equipment  should 
lower  over-all  maintenance  costs.  Another 
factor  worthy  of  consideration  is  the  possibility 
of  increasing  press  output  through  reduction  of 
time  required  for  the  cure  cycle.  Shorter  cycles 
can  be  achieved  by  increasing  platen  temperatures 
to  accelerate  transfer  of  heat  to  the  inner  glue 
lines  of  individual  assemblies.  Under  standard 
methods  of  pressing  plywood,  an  increase  in 
platen  temperature  will  result  in  greater  com¬ 
pression.  This  deleterious  effect  is  avoided 
when  compression  control  is  applied. 

Effect  on  Shear  Strength  Values 

Plywood  panels  were  made  in  the  laboratory 
press  under  controlled  conditions  of  compression 
in  order  to  evaluate  the  effect  of  control  on  qual¬ 
ity  and  strength  of  the  finished  product.  In  the 
tests  conducted,  the  control  mechanism  was 
pre-set  for  3,  5,  and  7  percent  compression. 
Twenty  panels  (2  panels  per  opening)  were  pressed 
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at  each  condition.  For  the  purpose  of  com¬ 
parative  evaluation,  20  control  panels  were 
pressed  at  the  same  conditions  of  temperature 
and  pressure,  but  without  compression  control 
(see  Fig.  13).  Results  of  hot-platen  pressing 
are  shown  in  Table  3,  and  results  of  pressing 
with  the  use  of  radio  frequency  energy  as  a 
source  of  heat  are  shown  in  Table  4. 

PROCEDURE 

The  procedure  used  in  the  experimental  work 
on  controlled  compression  is  outlined  in  the 
following  paragraphs. 

Selection  of  Samples 

Investigation  of  the  compression  of  single 


pieces  of  1/8-inch  Douglas  fir  veneer  demon¬ 
strated  that  a  satisfactory  study  of  3 -ply  ply¬ 
wood  assemblies  could  not  be  conducted  unless 
physical  variables  normally  present  in  veneer 
were  taken  into  consideration.  Variables  having 
significant  influence  on  compressibility  are 
specific  gravity,  moisture  content,  surface 
irregularities,  thickness  variations,  and  defects, 
such  as  knots,  pitch  pockets  and  splits. 

Study  of  the  range  of  specific  gravity  of  veneer 
used  for  preliminary  experiments  led  to  the 
establishment  of  four  groupings,  with  80  percent 
of  all  veneer  samples  falling  into  two  mid-groups 
as  shown  in  Table  5. 

It  was  found  that  the  specific  gravity  of  3 -ply 


Table  3.  Ta!P0R.\RY  COIIPRESSION,  PERMANENT  COMPRESSION,  SHEAR 
STRENGTH,  AND  WOOD  FAILURE  FOR  DOUOLAS-FIR  PLYWOOD 
HIESSED  UNDER  CONTROLLED  AND  UNCCMROLLED  COMPRESSION 
CONDITIONS,  USING  HOT  PLATEN  HFAT  SOURCE 

(Temperature  of  280°F,  and  initial  pressure  of  200  psi.) 


Compression  ; 

control  setting  | 

Teitporary 

con^resslon 

{  Permanent  j 

j  coII^)ressionN' 

j _ 1 

Shear 

strength 

Wood 

failure 

?er  cent  1 

MB 

T 

1 

! 

Psi. 

”  i 

3 

1 

3.19 

1 

!  1.06 

1 

232 

1  87.7 

5 

5.28 

1  2.78 

257 

1 

92.5 

1 

7 

I  6.87 

j  3.62 

278 

92.U 

None 

!  9.06 

1 

1  5.03 

i 

! 

293 

86.5 

i 

*  I'olia’dng  eondlitloning  to  12  per  cent  moisture  content* 


Table  U.  TEMPORARY  C0»IPRESSI0N,  PERMANENT  COMPRESSION,  SHEAR 
STRENGTH,  AND  WOOD  FAILURE  FOR  DOUGLAS-FIR  PLYWOOD  PRESSED 
UNDER  CONTROLLED  AND  UNCONTROLLED  COMPRESSION  CONDITIONS, 
USING  R/iDIO  FREQUENCY  ENERGY  HEAT  SOURCE 

(Maximum  glue  line  temperature  of  250°  F* 
and  initial  pressure  of  200  psi») 


Coo^ression 

j  Temporary 

r""  '  , 

j  Permanent  j 

1 

Shear  1 

Wood 

control  setting 

1  compression 

i  conpression* 

1 

strength  j 

1 

failure 

Per  ceiii 

MiHTiTiVi 

! - FsH - 1 

3 

i  3.56  1 

\  2.71*  1 

250  i 

82.3 

i 

5 

U.90 

3.1*6 

1 

289 

78.7 

None 

7.77  ! 

1 

1 

5.56 

! 

299 

i 

1 

81*.2 
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assemblies,  each  ply  selected  at  random  frqm 
the  veneer  that  was  available,  did  not  vary  to 
an  appreciable  extent  from  an  average  value. 
For  this  reason,  and  because  sorting  of  veneers 
according  to  specific  gravity  ranges  at  a  ply- 
wood'plant  would  be  out  of  the  question,  it  was 
deeme  d  inadvisable  to  select  and  group  veneer 
samples. 

Moisture  content  values  were  held  constant  at 
4  percent  by  conditioning  all  veneer  samples  in 
a  controlled-humidity,  controlled-temperature 
room. 


Table  5.  Range  of  Specific  Gravity  of  Veneer 
Samples 


Percentage 

Group  Specific  gravity  distribution 


1  0.550  -  0.590  15 

2  0.483-0.549  50 

3  0.420-0.482  30 

4  below  0.420  5 


resin  adhesive.  Control  of  spread  was  main¬ 
tained  through  use  of  a  mechanical  spreader. 
The  center  ply  was  coated  with  a  58-pound 
double  spread.—  Each  layup  was  allowed  a 
5-minute  closed  assembly  time  prior  to  pres¬ 
sing. 

In  view  of  the  close  relationship  that  exists 
between  moisture  content  and  compressibility, 
careful  control  was  exercised  in  maintaining 
a  constant  viscosity  of  adhesive  mix.  This 
control  involved  exacting  techniques  of  mixing 
the  adhesive,  necessitating  the  use  of  small 
batches  in  order  to  avoid  dehydration  of  the 
mix  on  the  spreader  rolls. 

Calculation  of  available  moisture  in  the  ad¬ 
hesive  mix  led  to  the  conclusion  that  sufficient 
moisture  would  enter  the  veneer  during  a  5- 
minute  closed  assembly  period  to  allow  an 
over-all  increase  of  7  percent  in  moisture  cop- 
tent.  This  figure  is  based  on  the  assumption 
that  75  percent  of  the  available  glue  line  mois¬ 
ture  would  be  absorbed  by  the  veneer. 


Veneer  samples  containing  knots,  pitch 
streaks,  and  similar  defects  were  excluded 
from  the  study.  Surface  and  thickness  irregu¬ 
larities  did  not  disqualify  a  veneer  sample  un¬ 
less  they  were  of  unusual  magnitude.  Field 
investigation  of  standard  methods  of  manufact¬ 
uring  Douglas  fir  veneer  led  to  the  conclusion 
that  irregularities  encountered  in  the  experi¬ 
mental  material  (amounting  to  variations  in 
thickness  of  ±  0.  007  inches)  were  normal.  It 
was  found  that  in  a  3 -ply  layup,  dimensional 
irregularities  tend  to  cancel  each  other  out. 
Localized  high  spots  on  veneer  surfaces  had 
negligible  effect  on  the  distribution  of  pres¬ 
sures  that  were  applied  during  hot  pressing. 

Preparation  of  Samples 

Veneer  samples  were  cut  from  1/8-inch  face- 
grade  Douglas  fir  veneer  taken  from  a  normal 
production  run  at  an  Oregon  plywood  plant  after 
the  drying  operation.  Individual  samples  were 
cut  to  12-inch  squares ,  with  an  allowable  tol¬ 
erance  of  1/64  inch. 

Establishing  Moisture  Content  Values 

Since  it  had  been  established  that  variation 
of  moisture  content  in  a  piece  of  veneer  alters 
its  compressibility,  other  factors  (time,  temp¬ 
erature,  and  pressure)  remaining  constant, 
it  became  mandatory  to  condition  samples  to 
a  fixed  moisture  content  value.  Conditioning 
was  accomplished  by  exposing  veneers  in  a 
room  having  a  dry-bulb  temperature  of  100° 

F.  and  a  relative  humidity  that  produced  an 
equilibrium  moisture  content  of  4  percent. 

Application  of  Adhesive 

All  data  were  obtained  from  panels  bonded 
with  an  exterior  type  phenol-formaldehyde 

1. Expressed  in  terms  of 


Measuring  Technique 

Determination  of  original  thickness  of  3-ply 
assemblies,  thickness  of  plywood  specimens 
following  conditioning,  and  measurement  of 
compression  during  pressing  were  accomplished 
by  means  of  mounting  Ames  dial  indicatoors  at 
the  four  corners  of  the  platens  of  the  12-  by 
12-inch  experimental  press  (Fig.  14). 

Thickness  measurements  were  made  by 
zeroing  the  dial  indicators  with  platens  closed, 
but  under  no  pressure.  The  assembly  to  be 
measured  was  then  inserted  between  the  pla¬ 
tens.  The  difference  between  the  zeroed  read¬ 
ing  of  the  dial  indicators  and  the  reading  obtained 
when  the  platens  were  closed  on  the  assembly, 
without  application  of  pressure,  gave  a  value 
for  average  thickness  of  the  assembly.  Press 
platens  were  maintained  at  a  constant  tempera¬ 
ture  during  measuring  in  order  to  avoid  any 
inaccuracies  that  might  have  been  introduced 
by  temperature  variation  between  measure¬ 
ments.  This  was  accomplished  by  flushing 
the  platens  internally  with  water. 

Compression  was  measured  at  regular  time 
intervals  in  much  the  same  manner  that  thick¬ 
ness  determinations  were  made,  the  principal 
differences  being  that  platens  were  steam  heated 
to  the  required  pressing  temperature  and  that 
pressure  was  applied  to  the  assembly. 

Techniques  of  Pressing 

All  experimental  assemblies  were  pressed 
on  a  12-  by  12-inch  hydraulic  laboratory  press. 
Considerable  effort  was  expended,  prior  to 
using  the  press  for  experimental  purposes,  to 
assure  the  utmost  accuracy  of  platen  closure. 
During  the  course  of  use,  constant  re-checking 


pounds  per  thousand  square  feet  of  surface  area 
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permitted  platen  closures  ta  within  0.001  inches 
over  the  full  surface  area.  The  platens  of  the 
press  were  steam  heated,  and  temperature  was 
controlled  by  means  of  regulating  input  steam 
pressure.  In  instances  where  radio  frequency 
heating  was  used,  platens  were  steam  heated 
to  a  temperature  of  120°  F.  to  avoid  loss  of 
R.  F.  input  by  conduction  of  heat  away  from 
plywood  assemblies. 

The  study  of  normal  compression  was  made 
by  inserting  single  unbonded  3 -ply  assemblies 
in  the  press  and  applying  specified  pressures 
for  given  time  periods  at  required  platen  tem¬ 
peratures.  Thickness  determinations  were 
made  at  one -minute  intervals  by  referring  to 
the  Ames  dial  indicators.  At  the  end  of  the 
pressing  cycle,  bonded  assemblies  were  re¬ 
moved  and  allowed  to  cool  to  room  temperature. 

The  study  of  controlled  compression,  using 
hot  platens  as  the  heat  source,  was  conducted 
with  two  unbonded  3-ply  assemblies  as  a  press 
load.  These  assemblies  were  pressed  10  min¬ 
utes  at  280°  F.  and  200  psi.  Allowable  com¬ 
pression  was  set  at  3,  5,  and  7  percent.  This, 
of  course,  was  accompanied  by  a  control  group 
subjected  to  the  same  conditions  of  time,  tem¬ 
perature,  and  pressure,  but  with  no  compres¬ 
sion  limitation.  Control  of  compression  was 
effected  as  described  in  the  section  dealing  vrith 
mechanical  equipment. 

The  application  of  radio  frequency  energy, 
as  a  source  of  heat  in  the  study  of  controlled 
compression,  necessitated  using  four  unbonded 
assemblies  with  the  positive  electrode  inserted 
in  the  middle  of  the  load.  Procedure  was  iden¬ 
tical  in  other  respects  to  that  used  in  the  study 
of  veneers  subjected  to  platen  heating. 

Shear  Testing 

Experimental  panels  were  conditioned  to  12 
percent  moisture  content,  and  then  cut  to  yield 
three  ANG-8  shear  specimens  each.  The  shear 
specimens  were  tested  in  conformity  with  ASTM 
standards,  designation  D  906-47  T,  with  a  head 
speed  setting  of  0.15  inches  per  minute.  Values 
for  wood  failure  and  shear  strength  are  presented 
as  arithmetical  averages. 
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Fig.  14.  Laboratory  press  showing  method  of  mounting  Ames 
dial  indicators. 
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Fig.  13.  Time-compression  curves  for  controlled  and  uncontrolled 
compression  at  pressing  conditions  of  280°  F.  and  200  psi. 
Uncontrolled  compression  range  (t  16  percent  from  the  mean) 
is  indicated  by  the  crosshatched  area. 


Integrated  Manufacturing, 

An  Aid  in  the  Management  of  an  Overmature  Forest 

ROBERT  P.  CONKLIN,  Assistant  to  Manager,  Springfield  Lumber 
Division,  Weyerhaeuser  Timber  Co.,  Springfield,  Ore. 


Perhaps  before  going  further,  I  should 
paraphrase  this  title  to  something  like 
this;  using  the  old  cliche;  "Waste  not,  want 
not"  or,  a  phrase  I  like  better;  "From  decay 
to  destiny.  " 

What  problems  face  the  owners  and  managers 
of  an  overripe  tract  of  timber  ? 

These  people  had  a  discouraging  situation  to 
face  in  the  1930's.  There  were  few  markets 
for  lumber  products;  competition  was  ruinous 
and  prices  for  those  items  that  could  be  sold 
were  often  below  the  cost  of  producing  them. 
Bugs,  decay  and  fire  were  relentless  and  un¬ 
ceasing.  The  heavy  hand  of  taxation,  as  never 
before,  contributed  to  thoughts  of  liquidation. 

THE  PROBLEM 

To  illustrate  a  situation,  a  tract  of  over¬ 
mature  Douglas  fir  timber  located  on  the  west¬ 
ern  slopes  of  the  Cascade  Mountains  in  southern 
Oregon  is  considered.  The  owners  are  faced 
with  a  policy  decision.  The  story  of  private 
forest  management  in  America  is  filled  with 
sagas  of  such  decisions  met  head  on.  A  faith 
stronger  than  reason  seems  to  be  the  influenc¬ 
ing  factor.  The  challenge  to  the  initiative  of 
the  individual  is  the  force  that  has  brought  suc¬ 
cess.  So  it  is  with  the  owners  of  our  southern 
Oregon  tract. 

"First,  we  will  find  out  what  we  have  on  our 
lands.  If  possible,  we  will  convert  this  pro¬ 
perty  from  its  static  condition  to  a  live,  per¬ 
petually  producing  forest.  In  doing  this,  we 
shall  make  profitable  use  of  every  possible 
fibre  in  the  forest.  And  lastly,  we  will  make 
flexible  plans  to  accomodate  the  changes  we 
know  must  occur  as  time  goes  on.  We  shall 
be  able  to  meet  the  conditions  of  peace  or  war, 
the  advancements  of  science  and  the  changes 
in  raw  materials  brought  about  by  the  conver¬ 
sion  of  an  old-growth  forest  to  a  managed  . 
younger  one  which  will  eventually  replace  it." 

Our  tract  consists  of  something  less  than 
200,000  acres  of  mountainous  terrain.  The 
old,  original  cruises  show  60  percent  of  the 
stand  too  decadent  to  log.  Little  mention  was 
made  of  minor  species  or  of  hemlock.  The 
logging  history  of  neighbors  seems  poor,  in¬ 
deed,  with  intermittant  operation  and  some 
bankruptcy.  The  urge  was  strong  to  give  the 
whole  thing  up,  or  at  best,  high  grade  the 


timber  under  a  good  market  and  turn  the  land 
back  to  the  county.  But  such  a  decision  would 
certainly  be  foreign  to  these  owners. 

In  the  beginning,  I  mentioned  the  word,  faith. 
This  quality  of  many  private  forest  owners  has 
served  to  overcome  seemingly  impossible  situa¬ 
tions.  It  is  the  faith  in  our  capitalistic  system; 
in  our  government;  in  our  industry  and  in  our 
neighbors  and  co-workers  that  brought  about 
a  decision  to  see  it  through — to  invest  in  the 
future  by  organizing  and  operating  a  Tree  Farm. 

THE  ATTACK 

It  took  many  years  of  investigation  to  resolve 
the  problem  of  what  to  do  about  the  overmature 
stands  of  timber  in  this  forest.  One  of  the  first 
facts  developed  was  that  the  diseases  of  old  age 
were  reducing  the  forest  inventory  faster  than 
were  fire  and  logging  combined.  Re-cruises 
with  the  appraisals  geared  to  modern  uses  and 
values  were  started.  Aerial  surveys  resulting 
in  accurate  topographical  maps  were  made. 
Aerial  photographs  were  used  to  determine 
silvicultural  aspects.  Investigations  were 
instituted  to  evaluate  the  extent  and  rate  of 
increase  of  decay.  Studies  of  bug  depredations 
with  the  hope  of  the  eventual  control  of  forest 
pests  were  made.  The  causes  of  fire  yrere 
attacked  and  a  detection  and  protection  system 
implemented.  Roads,  lookouts,  air  patrols, 
radio  communications,  motorized  equipment 
and  trained  crew  were  put  on  the  job. 

When  enough  data  could  be  assembled  to 
enable  the  owners  to  consider  the  problem 
further,  the  formulation  of  a  definite  policy 
was  undertaken.  In  effect,  this  is  the  result; 

"We  have  faith  that  useful  products  can  be 
recovered  from  this  overmature  forest.  We 
believe  that  this  property  can  be  converted 
from  a  deteriorating  to  a  growing  forest.  We 
will  seek  utilization  of  our  raw  materials  and 
markets  for  the  products  we  can  make  of  them. 
We  will  convert  our  lands  in  an  orderly,  planned 
fashion,  keeping  our  methods  and  procedures 
flexible,  so  that  eventually  our  lands  shall  pro¬ 
duce  to  their  full  capacity  vigorous,  healthy 
crops  of  timber.  " 

The  gathering  of  data  continued. 

Engineers  were  set  to  work  investigating  the 
possibilities  of  converting  the  trees,  snags  and 
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windfalls  into  marketable  products.  The  very 
mention  of  the  word  "waste"  made  them  flinch. 
These  engineers  accepted  the  terms  adopted 
by  the  Society  of  American  Forests  in  its 
Forest  Terminology  defining  logging  waste 
as  "that  portion  of  the  tree  which  has  mer¬ 
chantable  value  but  is  not  utilized.  "  Sawmill 
waste  carries  a  similar  definition:  "That  por¬ 
tion  of  a  log  having  merchantable  value  which 
is  not  utilized.  "  The  problem  was  to  find 
methods  of  conversion  and  markets  for  the  ' 
items  converted  from  the  Tree  Farm. 

INTEGRATING  FACILITIES 

A  breakdown  mill  was  designed  to  efficiently 
take  a  log  apart  and  save  all  possible  sound 
wood.  A  remanufacturing  plant  was  worked 
out  to  recover  the  highest  values  possible 
from  the  head  rig  cants.  A  market  was  found 
to  take  low  grade  shop  and  industrial  grades 
of  lumber.  Short  cuttings  found  an  outlet  in 
the  furniture  and  novelty  trade.  In  all,  1,500 
items  were  planned  to  come  from  the  lumber 
manufacturing  process. 

The  problem  of  the  log  not  suitable  for 
lumber  was  considered  next.  The  solution 
appeared  to  be  a  container  board  plant  supplied 
by  a  sulfate  pulp  mill.  Chips  made  from  un¬ 
used  slabs,  trim  and  edgings  from  the  sawmill 
and  from  stained  and  doty  portions  of  logs 
would  furnish  the  fibre.  This  decision  created 
another  "waste"  problem  to  be  met— the  re¬ 
covery  and  re-use  of  chemicals  of  the  pulping 
process.  The  engineers  had  answers  for  this 
for  the  "no  waste"  policy  had  become  an  obses¬ 
sion  with  them.  The  black  liquor  from  the 
digesters  is  partially  dehydrated  and  burned 
in  specially  designed  boilers.  The  resulting 
steam  is  used  in  drying  the  board  on  the  paper 
machine  and  the  chemicals  making  up  the  cook¬ 
ing  liquor  are  recovered  in  the  combustion 
process  up  to  98  percent  of  their  original 
amount. 

A  modern  power  plant  was  designed  to  use 
sawdust  and  decayed  wood  not  suitable  for  pulp¬ 
ing.  These  potentiadly  "waste"  items  are  con¬ 
verted  into  electric  energy  for  the  operation 
of  the  integrated  plants  and  to  supplement  the 
supply  of  electricity  of  the  community. 

A  Presto-Log  plant  was  added  to  the  plans 
so  dry  planer  shavings  could  be  taken  from 
the  "waste"  classification  and  a  product  made 
to  fill  a  useful  need. 

Such  a  group  of  mills,  factories  and  proces¬ 
ses  is  termed  an  integrated  plant.  The  econo¬ 
mic  considerations  were  always  foremost  in 
the  minds  of  the  planners.  The  costs  of  re¬ 
moving  the  decadent  timber  from  the  vmods; 


the  costs  of  obtaining  the  values  therefrom  and 
the  ready  marketability  at  a  fair  return  were 
determined  as  accurately  as  possible  before 
the  decision  was  made  to  proceed  with  construc¬ 
tion.  Along  with  the  above  mentioned  processes, 
others  such  as  fibre  boards,  plywood  and  the 
chemical  recovery  of  marketable  elements  were 
considered.  Places  for  further  expansion  of 
the  integrated  plant  are  provided  in  the  plans. 

FINAL  MANAGEMENT  PLAN 

Eventually  the  forest  management  plan  was 
completed  and  the  decision  was  made  to  con¬ 
struct  the  plants  designed  by  the  engineers. 

This  forest  management  plan  called  for  the 
overcutting  of  the  mature  forest  for  the  first 
40  years  of  operation  with  slower  regulated 
cutting  during  the  latter  60  years  of  the  cycle. 
Due  allowances  were  made  for  war  and  market 
variations.  Immediate  reforestation  of  cut¬ 
overs  was  provided.  The  cutting  budget  called 
for  the  pre-logging  of  windfalls  and  snags  fol¬ 
lowed  by  the  extraction  of  decadent  trees.  A 
clean  forest  floor  was  called  for;  one  on  which 
little  fire  hazard  after  logging  could  exist.  It 
called  for  the  saving  of  the  forest  soils,  the 
prevention  of  erosion  and  the  preservation  of 
seed  beds  and  seed  sources.  It  provided  for 
continuing  research  and  study.  What  is  more, 
the  plans  are  detailed  on  paper  and  on  maps 
for  criticism  and  change  as  conditions  demand. 
The  detailed  plans  may  be  flexible,  but  the 
over -all  plan  and  policy  is  fixed  and  continuing, 

TEST  RUN 

A  test  logging  show  was  established  on  a 
tract  purchased  from  another  company.  This 
area  had  been  logged  and  all  the  marketable 
timber  removed,  according  to  the  standards 
of  the  time.  The  residual  stand  presented  an 
extreme  fire  hazard.  The  shade  was  too  deep 
to  insure  the  survival  of  seedlings  and  wind- 
throw  was  tadcing  its  toll  of  remaining  trees. 

The  process  of  converting  this  liability  to 
an  asset  produced  the  following  materials  usable 
in  the  integrated  plant: 

15,260  board  feet  of  low  grade  sawmill  logs, 

*  per  acre. 

610  board  feet  of  hemlock  suitable  for 
pulp,  per  acre. 

45,150  board  feet  of  a  fir  "wood  log"  grade 

suitable  only  to  make  chips  for  pulping , 
per  acre. 

In  other  words,  61,020  board  feet  per  acre  of 
what  was  formerly  termed  "forest  waste"  was 
converted  into  useful  material. 
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Wood-Gas  Turbine  Research 

GEORGE  H.  ATHERTON,  Mechanical  Engineer, 
Oregon  Forest  Products  Laboratory,  Corvallis,  Ore. 


This  paper  attempts  to  show  how  the  prin¬ 
ciples  of  mechanical  engineering  are  being 
applied  at  the  Oregon  Forest  Products  Labora¬ 
tory  to  the  problem  of  utilizing  wood  residues. 

The  purpose  of  the  research  that  is  now  going 
on,  plus  the  development  work  to  come  later, 
is  to  design  and  construct  a  gas-turbine  power 
unit  that  will  operate  on  sawdust.  A  small 
compact  unit  of  200-horsepower  capacity  event¬ 
ually  will  be  built.  This  unit  will  serve  as  a 
pilot  model  and  will  be  tested  ultimately  as  a 
power  source  in  a  small  mill;  but,  before 
launching  into  any  discussion  of  this  project, 
a  brief  explanation  of  the  gas  turbine  is  in 
order. 

GAS  TURBINE  IDEA  NOT  NEW 

Observations  indicate  that  a  widespread  mis¬ 
conception  exists  regarding  the  gas  turbine. 

Jet  aircraft  only  recently  have  been  developed 
to  the  extent  of  practicability  and;  because 
many  people  realize  that  the  gas  turbine  is  the 
core,  so  to  speak,  of  the  jet  engine,  they  as¬ 
sume  the  gas  turbine  is  something  new.  This 
is  not  so.  History  shows  that  some  2,000  years 
ago  a  mathematician  named  Hero  Alexandrinus 
described  the  fundamental  processes  used  in 
gas  turbines  and  jet  propulsion.  From,that  day 
to  this,  in  varying  degrees,  work  toward  gas 
turbine  development  has  been  carried  on, 

Alexandrinus'  turbine  (often  called  Hero's 
turbine  in  the  literature)  operated  on  the  reac¬ 
tion  principle;  that  is,  gases  were  caused  to 
flow  because  of  a  pressure  drop  through  a  tube. 
This  caused  the  tube  to  move.  Hero's  turbine 
consisted  of  an  externally-heated  hollow  sphere 
that  could  rotate  on  an  axis.  Attached  to  the 
sphere  were  several  L-shaped  tubes  or  jets 
that  discharged  steam  in  the  plane  of  rotation 
and  at  right  angles  to  radii  of  the  sphere,  there¬ 
by  causing  the  sphere  to  rotate.  Thus  we  see 
that  the  operating  principles  of  the  mighty  steel 
turbines  of  today  were  applied  a  score  of  cen¬ 
turies  ago. 

Another  example  of  a  simple  turbine  is  the 
ordinary  windmill.  It  is  actually  an  impulse 
turbine.  In  this  type  of  turbine  there  is, 
theoretically,  no  pressure  drop  across  the 
turbine  blading.  The  moving  air  stream  gives 
up  some  of  its  momentum  to  the  wheel  and 
causes  rotation. 


THE  MODERN  GAS  TURBINE 

The  gas  turbine  requires  the  use  of  metals 
that  will  operate  at  red-hot  or  nearly  red-hot 
temperatures.  This,  coupled  with  the  fact 
that  the  invention  of  the  steam  turbine  provided 
a  machine  capable  of  operating  at  lower  tem¬ 
peratures,  retarded  gas  turbine  development 
for  many  years.  The  fairly  recent  develop¬ 
ment  of  high  temperature  materials,  such  as 
stainless  steel  and  vitallium,  however,  has 
paved  the  way  for  extensive  development  in 
the  gas  turbine  field. 

Gas  turbine  units  as  they  are  built  today  are 
usually  the  open-cycle  type.  That  is,  the  gas 
from  the  turbine  is  exhausted  to  atmosphere 
after  most  of  the  usable  heat  has  been  extracted 
from  it.  Fig.  1  shows  a  simple  open-cycle 
arrangement.  The  turbine,  compressor,  and 
combustion  ch2uinber  are  represented.  They 
are  the  essential  components  of  a  gas  turbine. 
Fuel  is  fed  into  the  combustion  chamber  under 
pressure  where  it  mixes  with  air  froAn  the 
compressor  and  burns.  The  hot  gas  resulting 
from  combustion  drives  the  turbine,  which  in 
turn  drives  the  compressor  and  generator. 
Various  auxiliaries,  of  course,  may  be  added 
to  this  cycle  to  improve  efficiency. 

The  aircraft  turbo-supercharger  developed 
by  the  General  Electric  Company,  and  used 
extensively  during  and  since  the  war,  was  a 
great  stride  in  gas  turbine  development.  This 
unit  was  designed  to  furnish  compressed  air 
to  internal  combubtion  aircraft  engines  during 
high  altitude  flight.  Exhaust  gas  from  the  air¬ 
craft  engine  drives  the  turbine.  The  engine, 
therefore,  takes  the  place  of  the  combustion 
chamber  in  Fig.  1.  Excess  power,  however, 
is  not  taken  from  this  unit  as  shown  in  the 
open-cycle  sketch. 

THE  OREGON  TEST  UNIT 

Aircraft  turbo-superchargers  were  sold  to 
the  government  at  approximately  $4,000 
each.  Obsolete  models  may  be  purchased  from 
war  surplus  agencies  for  about  $50.00.  The 
principles  of  operation  of  the  turbo-supercharger 
and  any  other  gas  turbine  are  the  same;  there¬ 
fore,  the  test  unit  constructed  at  the  Oregon 
Forest  Products  Laboratory  has  been  built 
around  a  turbo-supercharger.  Fig.  2  shoyrs 
the  unit  upon  which  tests  are  being  conducted 
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at  the  present  time.  Fuel  is  fed  into  the  fur¬ 
nace  through  a  screw-feed  conveyor  from  a 
hopper.  The  fuel  is  carried  horizontally  from 
the  hopper  by  one  screw,  then  vertically  by 
another  screw  through  the  bottom  of  the  fur¬ 
nace,  where  it  is  deposited  on  a  grate.  The 
burning  gases  from  the  fuel  bed  mix  with  over¬ 
fire  air  just  above  the  fuel  bed  and,  normally, 
combustion  is  completed  in  this  zone.  The 
admission  of  this  over -fire  air  also  serves  to 
temper  the  gases  so  that  the  temperature  at 
the  turbine  inlet  is  kept  within  safe  limits. 

The  gases  pass  from  the  furnace  through  a 
stainless  steel  tube  to  the  turbine.  The  entire 
system  operates  under  pressure  since  the  com¬ 
pressor  maintains  a  pressure  on  the  furnace. 
Sufficient  heat  is  added  to  the  gas  in  the  furnace 
to  increase  the  volume  approximately  three 
times,  provided  the  gases  are  free  to  expand. 
The  hot  gases  are  allowed  to  expand  through 
the  turbine  nozzle  and  do  work  on  the  turbine 
wheel.  The  turbine,  in  turn,  drives  the  centri¬ 
fugal  air  compressor  that  furnishes  air  to  the 
furnace.  The  furnau:e  may  be  thought  of  as 
being  a  means  of  increasing  the  heat  content 
of  the  gases,  much  as  a  boiler  furnace  serves 
to  add  heat  to  water  in  the  expansion  of  water 
to  steam. 

ruCL  iw _ 


The  present  test  unit  was  built  primarily  for 
the  purpose  of  evaluating  furnace  design.  In 
order  to  get  some  idea  of  fuel  rates,  air  distri¬ 
bution,  and  operating  temperatures  without  us¬ 
ing  a  large  part  of  available  funds,  it  was  dec- 
cided  that  a  unit  would  be  built  using,  for  the 
most  part,  materials  that  were  at  hand.  For 
this  reason  the  furnace  was  made  from  a  re¬ 
modeled  fire-tube  boiler,  the  fuel  feed  is  a 
redesigned  coal  stoker,  and  the  turbine  is  a 
turbo-supercharger.  It  is  believed  that  with 
proper  instrumentation,  all  facts  needed  to 
design  a  furnace  of  the  proper  size  and  type 
may  be  collected.  As  an  example,  even  though 
the  supercharger  has  no  power  take-off,  the 
horsepower  of  the  unit  may  be  calculated  by 
measuring  the  heat  drop  across  the  turbine  and 
the  weight  of  gas  that  flows  through  it. 

The  next  step  in  the  course  of  this  project 
will  be  to  have  a  new  furnace  built  according 
to  specifications  determined  from  tests  under 
way  at  this  time.  Further  tests  on  a  unit  con¬ 
sisting  of  the  new  furnace  and  a  turbo-super¬ 
charger  will  then  be  conducted.  The  objectives 
of  these  tests  will  be  to  solve  or  determine: 

(1)  control  problems,  (2)  effect  of  cinder  carry¬ 
over  from  furnace,  and  (3)  performance  char¬ 
acteristics. 


Upon  completion  of  this  series  of  tests,  a 
regular  gas  turbine  with  a  power  take-off  will 
be  procured  and  incorporated  into  a  unit  with 
the  new  furnace.  This  unit  then  will  be  subjected 
to  further  extensive  tests  to  determine  how  it 
will  function  in  service. 

A  turbine  manufacturer  has  indicated  a  will¬ 
ingness  to  cooperate  in  this  project  to  the  ex¬ 
tent  of  furnishing  the  gas  turbine  for  pilot-plant 
work  when  the  supercharger  unit  tests  are  com¬ 
pleted. 

ATMOSPHEWIC  BT-Pat« _ 


Figure 


Figure  2.  Wood  -  got  Turbine 
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The  unit  as  set  up  at  this  time  uses  sawdust 
as  fuel.  This  is  for  convenience  only.  The  new 
furnace  will  be  designed  to  handle  hogged  fuel 
as  well  as  sawdust.  According  to  present  indi¬ 
cations,  the  fuel  rate  on  this  unit  will  be  low. 

Fuel  supply  is  no  problem,  however,  for  current 
methods  of  lumber  manufacture  produce  suf¬ 
ficient  residues  from  each  log  to  provide  more 
than  enough  fuel  to  cut  and  process  the  lumber 
from  that  log. 

ADVANTAGES  OF  WOOD-GAS 

TURBINE 

Some  of  the  advantages  of  a  power  unit  of  this 
type  are:  (1)  It  operates  without  water.  (2)  It 
utilizes  mill  residues  as  fuel.  (3)  It  will  do  the 
same  job  as  steam  without  the  complications  of 
boilers,  feed-water  treatment,  condenser  water 
supply,  miles  of  piping,  and  numerous  auxili¬ 
aries.  (4)  It  requires  much  less  building  space. 
(5)  It  is  comparatively  light  in  weight  and  por¬ 
table  . 

Several  methods  of  employing  a  power  unit 
of  this  type  in  a  sawmill  are  readily  apparent. 

A  200-horsepower  unit  could  be  used  as  the 
sole  power  source  for  a  mill  cutting  from  10 
to  15  thousand  board  feet  of  lumber  per  day. 

This  could  be  accomplished  by  generating  elec¬ 
tric  power  with  the  unit  or  by  directly  connect¬ 
ing  the  unit  to  a  line  shaft.  A  unit  of  this  size 
might  be  used  in  a  larger  mill  of  40  to  50 
thousand  board  feet  capacity  as  a  source  of 
power  for  the  headsaw.  It  also  should  be  pointed 
out  that  unused  heat  from  the  turbine  exhaust 
could  be  utilized  to  provide  heat  for  drying 
lumber. 


In  large  units  rated  from  1,000  to  5,000 
horsepower,  it  is  conceivable  that  all  of  the 
residues  produced  by  a  mill  could  be  converted 
to  electrical  energy  by  a  power  unit  of  this 
type.  Excess  electrical  power  could  be  sold, 
for  example,  and  such  a  unit  could  eliminate 
costly  equipment  for  the  disposal  of  wood 
residues. 

In  conclusion,  it  should  be  stated  that  the 
proposed  gas  turbine  power  unit  is  not  con¬ 
sidered  to  be  a  cure-all  for  the  ills  of  the 
lumber  industry.  It  is  believed,  however,  that 
the  successful  completion  of  this  project  will 
be  a  stride  toward  the  elimination  of  a  great 
economic  waste  and,  ultimately,  that  a  power 
unit  of  commercial  value  will  be  produced. 


119 


JOURNAL  of  the  FOREST  PRODUCTS  RESEARCH  SOCIETY 


Cedar  Leaf  Oil  Extraction 

JAMES  A,  COCHRANE,  Research  and  Development, 
Powell  River  Company  Ltd.  ,  Powell  River,  B.  C. 


Essential  oils  are  volatile  extracts  ob¬ 
tained  from  either  the  leaves,  the  seeds 
Or  the  woody  part  of  plant  material.  A  large 
number  of  aromatic  oils  have  been  articles  of 
commerce  for  centuries;  ih  fact,  it  is  recorded 
that  oil  of  turpentine  was  being  distilled  as 
early  as  500  B.  C.  Other  essential  oils,  such 
as  juniper,  rosemary,  lavender,  clove  and  cin¬ 
namon  have  been  used  for  the  flavoring  of  foods 
or  for  the  preparation  of  perfumes  since  me¬ 
diaeval  times. 

The  term  "essential"  is  derived  from  the  fact 
that  such  oils  contain  the  characteristic  taste 
or  odor  of  that  part  of  the  plant  from  which  they 
were  obtained;  that  is,  they  are  the  essence  of 
the  plant,  and  they  are  distinguished  from  pe¬ 
troleum  oils  or  fixed  oils  such  as  cottonseed  and 
peanut  oil. 

The  commercial  methods  of  producing  essen¬ 
tial  oils  consist  of  steam  distillation,  expres¬ 
sion,  and  extraction  with  volatile  solvents,  and 
of  these  three  methods,  the  one  most  commonly 
used  is  steam  distillation.  In  steam  distillation, 
the  material  to  be  extracted  is  packed  into  a 
still  or,  in  more  primitive  operations,  simply 
into  a  closed  box,  and  steam  is  blown  into  the 
bottom  of  the  container.  The  essential  oil  is 
vaporized  by  the  steam  and  the  volatile  oil, 
together  with  the  steam  vapor,  is  led  into  a 
condenser  where  the  oil  and  water  separate 
into  two  liquid  layers. 

The  traditional  method  of  producing  essential 
oils  was  to  distill  them  at  the  source,  since 
the  lack  of  roads  made  it  expensive,  if  not 
impossible,  to  ship  the  bulky  raw  material  to 
a  central  processing  plant.  Further,  it  was 
poor  practice  in  some  cases  to  store  the  raw 
material  for  any  length  of  time,  since  the 
oil  yield  decreased.  Even  today,  most  essen¬ 
tial  oils  are  distilled  at  small  local  distilleries, 
and  this  is  particularly  true  in  the  case  of  tree 
leaf  oils,  where  no  effort  is  made  to  cultivate 
the  plant. 

Essential  oils  have  been  extracted  from  the 
leaves  of  various  types  of  trees  in  Eastern 
North  America  for  many  years,  for  the  most 
part  by  farmers  who  supplement  their  in¬ 
comes  by  gathering  small  trees  from  unculti¬ 
vated  lands  and  removing  the  oil  in  rather 
primitive  stills. 


In  the  West,  however,  little  interest  has 
been  shown  in  leaf  oil  production,  although  the 
green  material  from  the  limbs  and  the  tops 
of  trees,  and  in  some  cases  the  small  trees 
themselves,  are  completely  waste  in  the  log¬ 
ging  industry.  Because  British  Columbia 
appeared  to  offer  possibilities  as  a  source  of 
raw  material  for  essential  oil  extraction,  it 
appeared  of  interest  to  determine  the  nature 
and  the  yields  of  oils  which  might  be  obtained 
from  the  leaves  of  western  woods,  and  to 
assess  in  a  preliminary  way  the  various  pro¬ 
blems  which  might  arise  in  the  commercial 
production  of  essential  oils  in  the  western 
forest  areas. 

Particular  attention  has  been  paid  to  western 
red  cedar,  since  the  leaf  oil  from  this  species 
is  similar  in  chemical  composition  to  the  east¬ 
ern  cedar  leaf  oil,  which  is  a  recognized  article 
of  commerce.  It  was  also  found  that  Douglas 
fir  needles  produced  a  characteristic  oil  in 
fairly  high  yield,  and  it  is  considered  possible 
that  a  use  might  be  discovered  for  the  Douglas 
fir  extract. 

EXPERIMENTAL  WORK 

In  the  experimental  work  carried  out  in  the 
laboratories  of  the  Powell  River  Companv,  it 
was  found  that  steam  extraction  of  western 
red  cedar  leaves  soon  after  cutting  resulted 
in  a  2.  5  percent  yield  of  oil,  based  on  the  dry 
weight  of  the  leaves.  The  yield  was  approxi¬ 
mately  double  that  reported  for  eastern  cedars. 
One  ton  of  green  material,  corresponding  to 
1,000  pounds  of  dry  raw  material,  would  there¬ 
fore  yield  25  pounds  of  oil,  which  represents 
a  value  of  $87.50,  based  on  the  prevailing 
New  York  market  price  of  $3.50  per  pound. 

The  eastern  cedar.  Thuja  occidentalis,  has 
been  the  sole  source  of  cedar  leaf  oil  for  the 
eastern  suppliers  in  the  past,  and  until  recently 
little  or  no  interest  has  been  shown  in  oil  from 
western  red  cedar.  Thuja  plicata.  The  princi¬ 
pal  constituents  of  western  red  cedar  oil,  thu- 
jone  and  pinene,  are  also  found  the  eastern  oils, 
and  it  is  probable  that  the  two  oils  could  be 
used  interchangeably. 

Cedar  leaf  oil  is  used  in  the  manufacture  of 
perfumes,  drugs,  and  soaps,  for  the  purpose 
of  imparting  a  pleasant  odor.  No  information 
is  available  on  the  extent  of  United  States  and 
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yield  in  a  commercial  installation  were  investi¬ 
gated. 

Effect  of  Cutting  the  Leaves 

A  study  was  made  to  determine  if  it  was 
necessary  to  crush  or  cut  the  cedar  leaves 
prior  to  steaming,  in  order  to  obtain  a  maxi¬ 
mum  yield  of  oil.  Untreated  cedar  leaves  were 
distilled  in  one  run,  and  leaves  from  the  same 
batch  were  finely  subdivided  and  distilled  in  a 
subsequent  run.  It  was  found  that  the  finely 
divided  leaves  gave  the  same  yield  of  oil  as 
the  untreated  leaves,  but  that  extraction  was 
more  rapid  with  the  former. 


Canadian  production,  but  consumption  is  rela¬ 
tively  small,  probably  due  to  the  limited  uses 
for  the  oil. 

Cedar  leaf  oil  is  a  light  yellow,  low-viscosity 
liquid  possessing  a  strong  characteristic  odor 
of  cedar  boughs.  The  principal  constituents 
of  the  oil  are  thujone  and  pinene,  the  density 
is  0.903  grams  per  cubic  centimeter,  and  the 
refractive  index  is  1.45. 

In  the  investigation  which  is  the  basis  for 
the  present  report,  a  pilot -plant  still  was 
constructed  for  the  purpose  of  determining  the 
yield  of  oil  from  Thuja  plicata,  and  for  the 
purpose  of  studying  the  relationship  between 
the  yield,  the  season,  the  age  and  location  of 
trees,  and  the  procedure  used  in  the  distil¬ 
lation  process. 

Experimental  Cedar  Leaf  Still 

The  apparatus  used  for  the  distillation  of 
cedar  leaf  oil  included  a  still,  boiler,  con¬ 
denser,  and  oil  separator.  The  still  consisted 
of  a  stainless  steel  box  6  inches  by  6  inches 
square  and  18  inches  high,  provided  with  a 
removable  cover  to  permit  loading,  and  equip¬ 
ped  with  a  perforated  false  bottom  to  carry  the 
charge. 

The  small  boiler  was  heated  by  a  gas  flame. 

A  separate  boiler  for  the  apparatus  was  neces¬ 
sary,  due  to  the  fact  that  the  extracted  oil  dis¬ 
solved  in  or  was  emulsified  by  water  to  some 
extent,  and  it  was  therefore  desirable  to  re¬ 
turn  the  condensate  to  the  boiler.  The  steam 
was  blown  into  the  still  under  the  false  bottom, 
and  passed  up  through  the  packed  leaves;  the 
cedar  leaf  oil  was  extracted  and  carried  over 
with  the  steam,  and  the  mixed  vapor  from  the 
bottom  of  the  still  passed  into  a  condenser, 
where  the  steam  and  oil  were  condensed.  The 
condensed  mixture  was  placed  in  a  separator, 
where  the  oil  and  water  separated  into  two 
layers.  In  the  laboratory  apparatus  a  cali¬ 
brated  glass  tube  was  used  as  a  separator  in 
order  that  the  yield  of  oil  could  b®  read  direct¬ 
ly  at  any  time  during  the  run.  After  separation, 
the  water  flowed  from  the  bottom  of  the  separa¬ 
tor  tube  and  overflowed  into  the  standpipe  of 
the  boiler.  This  pipe,  which  was  open  to  the 
atmosphere,  was  22  inches  high,  so  that  the 
boiler  pressure  was  limited  to  one  pound  per 
square  inch  gauge.  Both  the  still  and  the 
boiler  were  lagged  in  order  to  prevent  con¬ 
densation. 

Under  the  conditions  used  in  this  work,  dis¬ 
tillation  was  substantially  complete  after  1-1/2 
hours,  but  a  time  of  2-1/2  hours  was  used  in 
order  to  ensure  complete  extraction. 

A  number  of  variables  which  might  affect  oil 


Effect  of  Leaf  Storage 

A  large  quantity  of  leaves  was  collected, 
thoroughly  mixed,  and  stored  indoors  in  a 
cool  place.  Ten  runs  were  made  on  comparable 
charges  from  this  supply  over  a  period  of  two 
months,  and  it  was  found  that  the  oil  yield 
gradually  decreased  with  time  of  storage.  At 
the  end  of  70  days,  the  yield  was  only  one  third 
of  its  original  value.  During  the  first  three  or 
four  days  of  storage,  however,  there  was  no 
appreciable  change  in  yield.  The  loss  of  oil 
during  storage  paralleled  the  loss  of  moisture 
from  the  leaves.  Cedar  leaf  oil,  or  some  of 
its  constituents,  is  relatively  volatile,  and  it 
evaporates  under  the  same  conditions  which 
lead  to  the  evaporation  of  water.  As  far  as 
a  commercial  installation  is  concerned,  if  the 
branches  could  not  be  extracted  within  a  few 
days  of  being  collected,  they  should  be  pro¬ 
tected  from  moisture  loss. 

Effect  of  Tree  Age 

In  most  of  our  experimental  work,  cedar 
brauiches  were  obtained  from  young  trees  which 
varied  in  age  from  10  to  15  years,  primarily 
because  the  young  trees  were  more  readily 
accessible  than  more  mature  trees.  Since 
branches  from  mature  trees  would  be  the  source 
of  oil  in  commercial  production,  however,  a 
comparison  was  made  of  the  yields  of  oil  from 
young  and  from  mature  trees.  Samples  from 
two  separate  areas  in  the  Powell  River  district 
were  obtained,  and  branches  were  collected 
from  large  and  small  trees  in  the  S2une  areas 
at  the  same  time.  • 

It  was  found  that  mature  trees  and  young  trees 
gave  essentially  the  same  yield  of  oil,  and  the 
composition  of  the  two  oils,  as  judged  from  the 
refractive  indices,  appeared  to  be  the  same. 


Effect  of  Tree  Location 

Some  work  was  done  on  the  correlation  be¬ 
tween  oil  yield  and  general  location  of  trees. 
As  might  be  expected,  few  clear-cut  relation¬ 
ships  were  found  between  the  location  of  the 
trees  and  the  yield  of  extractives.  It  was 
found,  however,  that  trees  growing  adjacent 
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to  water,  particularly  those  at  the  waters'  edge, 
gave  the  lowest  yield,  while  trees  growing  on  a 
dry,  open  ridge  gave  the  highest  yield  of  oil. 

This  observation  is  in  agreement  with  the  gen¬ 
erally  accepted  supposition  that  plants  growing 
under  adverse  conditions  give  the  highest  yield 
of  extractives. 

Effect  of  Season 

Cedar  leaves  from  young  trees  in  a  selected 
area  were  sampled  at  intervals  over  a  period 
of  one  year  and  the  yield  of  oil  was  determined 
on  each  sample  at  the  time  of  collection. 

Leaves  collected  during  December  gave  the 
highest  yield,  but  the  yield  throughout  the  year 
from  this  area  varied  from  4.  0  to  1. 8  percent, 
with  no  consistent  trend.  It  is  possible  that 
the  yield  was  not  affected  as  much  by  season 
as  by  the  temperature  and  the  humidity  during 
the  few  days  preceding  collection. 

PRESENT  COMMERCIAL  PRO¬ 
DUCTION  OF  CEDAR  LEAF  OIL 

The  commercial  production  of  cedar  leaf  oil 
in  eastern  North  America  is  not  conducted  on 
a  large  scale.  In  the  northern  New  England 
States,  the  production  of  cedar  leaf  oil  has  long 
been  a  small  local  industry  carried  on  by  farm¬ 
ers  during  the  time  of  the  year  when  they  are 
not  occupied  by  routine  farm  work.  In  these 
areas,  it  is  considered  that  the  most  desirable 
source  of  foliage  for  extraction  is  small  trees 
5  to  10  feet  high.  The  cut  brush  is  hauled  to  a 
still,  vdiere  the  foliage  is  cut  from  the  branch 
stems  and  packed  into  the  still,  both  operations 
being  performed  manually.  The  oil  obtained 
from  these  crude  installations  may  or  may  not 
be  further  purified  before  being  sold,  either  to 
local  collectors  or  to  the  New  York  brokers. 

The  process  of  obtaining  raw  material  for 
the  still  involves  hard  labor  which  is  often  per¬ 
formed  under  severe  weather  conditions.  Re¬ 
cent  trade  journals  indicate  that  the  production 
of  cedar  leaf  oil  has  been  low  for  some  time 
due  to  the  small  returns  to  the  farmer  in  com¬ 
parison  to  the  manual  labor  required.  However, 
it  is  hoped  thet  the  present  high  price  will 
stimulate  increased  production. 

WESTERN  POSSIBILITIES 

It  is  improbable  that  the  extraction  of  cedar 
leaf  oil  in  the  West  would  be  carried  out  on  a 
large  scale,  but  it  does  appear  probable  that 
the  process  would  be  a  profitable  one  on  a 
small  scale. 

The  most  obvious  source  of  raw  material  is 
the  branches  and  tops  of  mature  cedar  trees 
collected  subsidiary  to  logging  operations. 


However,  in  British  Columbia,  trees  are  felled 
on  top  of  one  another,  often  in  rough  country 
and  in  advance  of  road  building,  auid  harvesting 
the  branches  under  these  conditions  might  be 
prohibitively  costly,  and  this  disadvantage  may 
be  one  of  the  chief  reasons  vdiy  more  interest 
in  cedar  leaf  oil  production  has  not  been  shown 
in  western  Canada  and  the  United  States. 

A  possible  solution  to  this  problem  would  be 
to  top  the  trees  before  felling  and  to  collect  the 
boughs  and  small  cedar  trees  from  the  area 
prior  to  the  main  logging  operations,  and  in 
some  arehs  it  might  be  practical  to  use  horses 
for  the  purpose  of  dragging  bundles  of  branches  to 
an  accessible  area.  Where  roads  are  close  to 
the  logging  operations,  the  foliage  might  be 
bundled  after  the  trees  are  felled  and  limbed, 
and  the  bundles  hauled  to  the  nearest  road  by 
a  light  C2d)le.  A  truck,  mounted  with  a  small 
power  winch,  could  be  used  to  drag  the  branches 
to  the  road,  in  addition  to  transporting  the 
bundles  to  the  still. 

The  weight  of  green  foliage  from  a  cedar  tree 
has  been  estimated  by  weighing  the  green  ma¬ 
terial  stripped  from  individual  limbs,  and  by 
counting  the  number  of  limbs  per  tree.  Each 
limb  yields  from  15  to  100  pounds  of  foliage, 
depending  upon  the  size  of  the  tree  and  the 
spread  of  the  branches,  and  mature  trees  2 
to  3  feet  in  diameter  may  have  any  number  of 
branches  from  30  to  200.  The  amount  of  green 
material  per  tree  is  widely  variable,  but  the 
range  is  probably  from  500  to  3,000  pounds  of 
green  weight  per  tree,  which  would  yield  from 
6  to  38  pounds  of  cedar  leaf  oil. 

The  distillation  equipment  should  be  portable, 
and  should  be  set  up  adjacent  to  a  stream  or  a 
lake,  in  order  to  provide  condenser  cooling 
water  and  make-up  water  for  the  boiler.  The 
equipiment  would  consist  of  a  still,  a  boiler, 
a  condenser,  an  oil  separator,  and  probably 
an  ensilage  cutter.  Although  most,  stills  in  the 
East  are  made  of  wood,  for  reasons  of  economy, 
such  stills  tend  to  leak,  and  for  this  reason 
iron  stills  are  preferable.  However,  reasonably 
serviceable  demountable  stills  can  be  construct¬ 
ed  of  plywood,  provided  that  sealing  strips  are 
used  at  the  joints. 

Since  the  density  of  packed  green  leaves  is 
about  10  pounds  per  cubic  foot,  a  cylindrical 
still  5  feet  in  diameter  and  10  feet  high  would 
be  required  to  hold  one  ton  of  green  charge. 

A  satisfactory  arrangement  would  be  to  have 
two  stills  serviced  by  one  boiler.  A  charge 
requires  about  four  hours  distillation  time, 
and  while  one  still  was  being  operated,  the 
other  could  be  filled  with  a  fresh  charge.  A 
removable  perforated  basket  would  facilitate 
loading  and  unloading  the  still,  but  a  chain  block 
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and  a  heavy  frame  would  need  to  be  provided 
for  such  an  installation. 

An  ensilage  cutter  with  a  blower  attached 
would  be  necessary  to  reduce  branches  to  a 
size  which  would  allow  good  packing  in  the  still. 

For  a  still  holding  one  ton  of  green  charge, 
a  boiler  of  approximately  20  boiler  horsepower 
would  be  required,  and  boiler  pressure  could 
be  limited  to  that  required  to  force  steam 
through  the  packed  charge.  In  eastern  instal¬ 
lations,  boilers  are  operated  at  pressures  not 
exceeding  10  pounds  per  square  inch,  in  order 
to  avoid  government  testing  and  licensing. 

/ 

The  condenser  would  be  connected  to  the  top 
of  the  still  with  fairly  large  diameter  standard 
pipe.  A  simple  condenser  may  consist  of 
several  lengths  of  iron  pipe  connected  together 
and  immersed  in  a  tank  of  cold  running  water. 

The  separator  receives  the  oil  and  water 
mixture  which  readily  separates  into  two  layers. 
The  water  is  removed  from  the  bottom  of  the 
separator  and  may  be  pumped  back  to  the  boiler. 


The  distilled  oil  may  be  filtered  to  remove 
any  dirt  and  some  of  the  water,  and  if  desired 
the  residual  water  may  be  removed  with  a 
dessicating  salt,  such  as  anhydrous  sodium 
sulphate . 

In  the  light  of  the  fact  that  British  Columbia 
is  probably  the  largest  untapped  source  of  raw 
material  for  lead  oil  extraction,  it  is  to  be 
hoped  that  it  will  be  found  possible  to  exploit 
commercially  material  vdiich  is  at  present 
complete  waste. 

A  number  of  problems  remain  to  be  solved, 
including  market  limits  based  on  present  uses 
for  leaf  oil  extracts,  the  practical  economics 
of  a  commercial  unit,  and  the  possibility  of 
developing  new  uses  for  cedar  leaf  oil  or  for 
some  constituent  of  it. 
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Developing  Lumber  Markets 

G.  CLEVELAND  EDGETT,  Secretary,  British 
Columbia  Coast  Woods  Trade  Extension  Bureau 


From  various  points  of  view  all  of  us 
gathered  here  this  edternoon  are  vitally 
interested  in  this  subject.  Today,  timber  is 
a  crop,  but  the  harvest  in  jobs  can  only  be 
realized  through  the  continuous  sale  of  the 
manufactured  product.  There  is  little  need  to 
point  out  that  in  British  Columjjia  more  than 
one  out  of  three  dollars  earned  comes  from  the 
forest  products  industries. 

Despite,  or  perhaps  because  we  are  so  fa¬ 
miliar  with  lumber  and  its  multitude  of  uses, 
we  are  prone  to  take  it  for  granted.  So  far,  I 
know  of  no  type  of  house  construction  in  which 
it  has  been  entirely  eliminated.  Suppose,  how¬ 
ever,  that  all  available  supplies  of  lumber  were 
suddenly  destroyed.  What  would  we  use  in  its 
place  ? 

STEEL  VERSUS  WOOD 

I  have  asked  this  question  of  several  men  of 
my  acquaintance.  Not  necessarily  all  archi¬ 
tects  or  engineers,  mind  you,  but  men  in  var¬ 
ious  other  walks  of  life.  They  form  a  normal 
cross  section  of  the  average  intelligent  home- 
owner  class.  Without  hesitance,  each  answer¬ 
ed,  "Steel!"  Why  did  they  give  that  answer? 
Why  does  the  general  public  think  of  steel  as 
a  super -building  material?  Because  the  manu¬ 
facturers  of  steel  in  its  various  froms  and  pro¬ 
ducts  have  made  us  "steel  conscious." 

Each  year  the  American  Institute  of  Steel 
Construction  sends  every  architect  and  engi¬ 
neer  a  new  handbook  giving  all  of  the  engineer¬ 
ing  data  on  every  available  structural  shape, 
regardless  of  make!  Each  new  steel  handbook 
includes  new  shapes,  offered  to  make  steel 
construction  more  elastic  and  more  economical! 
There  is  an  abundance  of  sizes,  designed  to  suit 
every  possible  purpose.  In  angle  iron  alone 
there  are  at  least  145  different  sizes  and  thick¬ 
nesses. 

There  is  available  an  item  made  of  metal, 
usually  steel,  to  replace  practically  every  ar¬ 
ticle  of  wood  used  in  the  construction  of  a 
building,  from  the  frame  right  on  through  to 
the  furniture.  If  it  is  not  procurable  in  metal, 
it  can  be  had  in  some  other  substitute  for  wood 
such  as  plastic! 

Many  of  these  are  offered  in  stock  shapes 
and  forms,  designed  to  appeal  to  the  architect, 
like  candy  appeals  to  children.  The  stock 


mouldings  and  trim,  which  have  been  made 
available  to  them  in  bronze,  aluminum,  steel 
and  even  cast  iron,  fairly  make  their  mouths 
water. 

Consider  the  cost  of  making  the  forms  for 
drawing  or  casting  metal  shapes!  Compare 
it  with  the  cost  of  cutting  new  knives  for 
sticking  trim!  For  every  profile  of  stock 
trim  available  in  wood  there  are  literally 
hundred  available  in  metal!  Nor  do  archi¬ 
tects  have  to  accept  "stock"  designs  that 
have  been  in  common  use  for  the  past  20 
years! 

Remember,  also,  that  when  4-inch  channel 
is  specified  in  steel,  it  measures  exactly  4 
inches,  and  not  3-5/8  inches,  as  in  wood. 
There  is  no  payment  for  material  lost  in  the 
manufacturing  process. 

Steel,  as  well  as  other  metals,  which  enter 
into  the  building  field,  can  be  relied  upon  to 
be  uniform  in  quality.  There  are  no  argu¬ 
ments  about  knots,  shakes,  splits  or  other 
imperfections  impairing  its  strength. 

Within  my.  own  memory,  metal  has  re¬ 
placed  numerous  items  originally  made  of 
wood.  I  can  recall  our  kitchen  wood  drain- 
board;  yes,  even  our  washing  machine  w^s 
wood  or  wood  covered  with  metal.  Medicine 
cabinets  and  kitchen  cabinets  were  all  made 
of  wood.  Metal  sash  didn't  exist  as  far  as 
I  knew.  The  first  automobile  bodies  were 
covered  with  plywood.  Steel  has  replaced 
wood  in  railroad  cars.  Steel  furniture  hadn't 
occurred  to  anyone,  nor  had  steel  trim. 
Plaster  corner  beads  were  of  wood.  Con¬ 
tractors  had  never  heard  of  steel  scztffolding! 
Steel  stairs,  steel  refrigerators,  and  now 
steel  frames  for  houses!  Let  me  ask  you.  . . 
what  items  has  wood  replaced  ? 

Many  of  these  articles  of  metal  are  offered 
in  imitation,  not  only  of  wood  forms  and 
shapes,  but  of  wood  graining  and  finish. 

While  steel  is  best  expressed  in  simple,  plain 
finishes  of  baked  enamel,  its  manufacturers 
tacitly  admit  the  inherent  beauty  of  wood 
when  they  strive  to  faithfully  copy  its  appear¬ 
ance. 

On  every  hand  we  hear  of  steel.  We  are 
told  that  it  is  modern  and  should  be  the  funda¬ 
mental  material  of  modern  construction.  Let 
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us  consider  steel  for  a  moment.  Is  it  long- 
lived  ?  We  don't  know.  We  do  know  that, 
with  reasonable  precaution,  some  wood  last 
for  hundreds  of  years.  We  haven't  had  steel 
for  a  long  enough  time  to  know  its  longevity. 
However ,  we  know  that  it  will  last  as  long  as 
the  average  building  is  required  to  last  nowa¬ 
days,  that  is  to  say  some  30  years. 

What  else  do  we  know  about  steel?  We  know 
that  if  an  architect  were  designing  a  steel 
frame  for  a  house  he  would  not  require  it  to 
be  one  bit  stronger  than  required  to  carry  the 
dead  load  (of  building  materials)  and  the  live 
load  (of  occupants  and  furniture).  It  would 
not,  therefore,  need  to  be  any  stronger  than 
wood,  contrary  to  public  opinion  1 

And  what  about  erection  costs  with  steel? 

The  labor  is  specialized  and  highly  paid. 

Steel  erectors  get  the  same  hourly  wage  on 
a  two  story  frame  as  *hev  did  on  the  85th 
story  of  the  Empire  State  Building. 

Remember,  too,  that  steel  corrodes.  Un¬ 
less  it  has  an  alloy  in  its  make-up  that  renders 
it  corrosion-proof,  or  has  had  its  surfaces 
plated  or  treated  with  some  special  rust¬ 
proofing  process,  those  surfaces  must  be  pro¬ 
tected  by  an  absolutely  perfect  film  of  moisture- 
proof  paint.  If  a  pin  hole  is  left  in  the  coating, 
moisture  will  enter  and  start  the  ruination 
process . 

Steel  is  not  flexible  or  elastic  in  the  sense 
that  it  can  be  easily  cut  to  fit  at  the  job.  The 
acetylene  torch  has  been  tried.  Imagine  a 
carpenter  wearing  goggles  and  using  a  saw 
connected  to  a  tank  with  an  unwieldy  hose. 
Compare  the  wages  of  the  carpenter  with  those 
of  the  acetylene  torch  bearer  1  Compare  the 
time  to  cut  through  a  member  and  to  secure  it. 

And  what  about  so-called  "fireproof  construc¬ 
tion.  "  Until  the  San  Francisco  fire  in  1906, 
steel  was  considered  to  be  fireproof  because 
it  would  not  burn.  Under  intense  heat,  how¬ 
ever,  such  as  can  occur  from  the  ignition  of 
the  contents  of  a  building,  the  steel  would 
warp  and  buckle,  and  while  it  might  remain 
standing,  it  would  be  so  twisted  and  curled 
that  it  could  not  be  salvaged. 

Why  do  we  find  a  persistence  in  experiment¬ 
ing  with  steel  frames  for  houses  ?  Steel  is  not 
as  easily  worked  as  wood.  It  requires  a  lot  of 
prelijToinary  work  and  fabrication;  it  is  cumber¬ 
some  and  unwieldy  and  requires  specially 
trained,  high  wage  earners  to  fabricate,  if  not 
to  erect.  Is  it  because  the  public  thinks  steel 
stronger  ? 


Perhaps,  although  there  is  no  reason  for 
using  stronger  steel  members  than  necessary 
to  carry  the  known  loads.  Is  it  to  avoid  plas¬ 
ter  cracks,  which  we  can  guarantee  will  occur 
with  the  expansion  and  contraction  of  green 
lumber  ?  Kiln-dried  framing  lumber  is  the 
answer  to  thatl  Is  it  because  steel  is  thought 
to  be  fireproof?  That  is  the  most  likely  ans¬ 
wer.  Steel  is  non-inflammable.  Intense  heat 
may  destroy  its  structural  qualities  but  it  will 
not  take  fire.  It  will  not  actually  burn. 

HOW  HAS  WOOD  COMPETED? 

What  has  been  done  to  render  lumber  non- 
inflammable  ?  During  the  war  all  wood  and 
fabric  used  in  airplanes  was  treated  to  render 
it  non-inflammable.  Certainly  something  has 
already  been  done  toward  fireproofing  lumber, 
or  rather,  rendering  it  incombustible  I  Sup¬ 
pose  the  lumber  industry  had  sponsored  re¬ 
search  to  develop  this  treatment  to  the  point 
where  it  could  be  done  cheaply  on  a  quantity 
basis  so  that  framing  lumber  could  be  delivered 
to  the  job  in  incombustible  condition  ready  to 
erect.  Would  building  codes  have  ruled  out 
lumber  within  fire  limits,  would  steel  joists 
be  stealing  the  market  from  wood  joists,  would 
architects  and  engineers  have  to  resort  to 
cumbersome,  unwieldy  and  expensive,  as  well 
as  heavy-to-carry  reinforced  concrete  floor 
construction?  Would  the  wood  shingle  be 
singing  its  swan  song?  Certainly  notl 

For  years  the  architects  have  been  crying 
for  framing  lumber  so  treated  as  to  reduce 
expansion  and  contraction  to  a  minimum.  Hav¬ 
ing  produced  kiln-dried  lumber  are  we  going 
to  sit  back  with  that  one  feather  in  our  cap, 
or  are  we  going  to  experiment  further  to  ensure 
that  the  moisture  is  not  re-absorbed? 

Have  you  ever  examined  the  wood  construc¬ 
tion  of  the  superstructure  on  many  of  our  ex¬ 
cursion  or  passenger  steamers  ?  Turned  wood 
parts,  three  inches  in  diameter,  four  feet 
apart,  hold  up  decks  with  not  over  2-  by  6 -inch 
joists  carrying  decks  packed  solidly  with  hum- 
anityl  And  one  little  storm  subjects  that  con¬ 
struction  to  more  stresses,  strains  and  vibra¬ 
tions  than  any  house  ever  had  to  stand. 

Why  do  we  have  to  employ  such  outrageously 
large  pieces  of  framing  lumber.  Because 
calculations  must  be  based  upon  the  poorest 
lumber  and  the  poorest  workmanship  at  the 
points  of  connection.  No  laboratory  to  my 
knowledge  has  ever  told  how  to  get  the  most 
out  of  the  best  lumber. 

No  concentrated  effort  has  ever  been  made 
to  educate  carpenters  as  to  the  better  methods 
of  construction  in  wood.  Here  is  a  fertile  field  • 
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in  which  to  plant  our  seed  and  nurture  its  growth. 
Perhaps  the  carpenters  aind  carpenter  contrac¬ 
tors  do  not  realize  it,  but  their  very  existence 
depends  upon  lumber.  They  may  not  know  all 
of  the  technical  data  about  the  manufacturers' 
and  the  dealers'  end  of  the  game,  but  they  do 
have  a  lot  of  information  that  would  be  worth¬ 
while  for  us  to  learn.  Unfortunately,  since 
their  training  has  been  largely  practical,  they 
have  a  lot  of  misinformation  and  a  considerable 
lack  of  information  which  should  be  corrected. 

We  have  often  recently  bleuned  the  specula¬ 
tive  builders  for  cheap,  shoddy  construction. 

They  have  been  facing  terrific  price  competi¬ 
tion  and  they  have  every  reason  to  buy  lumber 
at  the  lowest  possible  prices.  In  comparison 
with  the  prices  of  their  houses,  the  house  de¬ 
signed  and  supervised  by  the  architect  seems 
unreasonably  high.  YThy?  Because  the  archi¬ 
tect  usually  insists  upon  quality  lumber  and 
good  construction.  If  we  only  knew  it,  the 
architect  has  been,  and  is  one  of  our  best 
friends.  What  should  we  do  to  help  this  friend? 
Give  away  free  plan  books  ?  Most  architects 
and  builders  are  fully  aware  that  there  is  a  lot 
of  lower  grade  lumber  that  must  be  sold,  and 
that  it  is  part  of  our  conservation  program  to 
save  the  better  grades  by  using  the  lowest  grade 
consistent  with  the  purpose  intended.  They,  as 
a  group,  have  helped  us  implement  this  policy. 
That  does  not,  however,  excuse  regrading  at 
the  yards,  or,  when  one  grade  is  ordered,  de¬ 
livering  the  next  poorer  grade,  or  mixing  with 
it  the  better  pieces  of  the  next  poor  grade,  in 
the  hope  that  it  will  get  by. 

Selling  lumber  has  often  been  too  easy  a  task — 
indeed,  with  the  exception  of  a  few  years  ago, 
it  was  no  task  at  all  because  people  had  to  buy 
lumber.  Thinking  people  in  the  lumber  industry 
are  worried  now  because  lumber  is  being  ruled 
out  by  building  codes,  because  it  is  being  sup¬ 
planted  by  other  materials  and  because  the  pub¬ 
lic  has  been  led  to  believe  that  there  is  a  dim¬ 
inishing  supply. 

IS  PROMOTION  ADEQUATE  ? 

What  are  we  doing  about  this  situation?  Are 
we  getting  out  the  proper  information  to  the 
potential  specifiers  of  our  products  ?  If  the 
right  information  is  going  out,  is  it  enough? 

Gentlemen,  you  have  before  you  in  a  Com¬ 
modity  Index  File  samples  of  literature  and 
advertising  that  has  been  produced  by  the 
British  Columbia  Coast  Woods  Trade  Extension 
Bureau  during  the  past  two  years.  As  you  will 
see,  our  development  and  publicity  work  has 
embodied  four  campaigns  on  lower  grades  of 
lumber.  Western  red  cedar  and  Pacific  Coast 
hemlock. 


Well  over  400  thousand  copies  of  our  eight 
booklets  and  other  direct  mail  material  has 
been  distributed  to  technical  men  and  con¬ 
sumers  in  Canada  alone.  It  is  estimated  that 
our  program  of  advertising  has  focused  our 
sales  message  on  13  million  Canaxiian  readers. 
These  two  year  figures  are  for  the  Bureau 
alone  and  so  if  they  are  added  to  the  figures 
of  the  individual  mill  and  plywood  plant,  it 
comes  to  a  sizeable  total. 

Gentlemen,  I  say  to  you  this  afternoon  that 
it  is  not  good  enough.  It  is  too  easy  for  us 
to  become  complacent  during  an  unusual  buy¬ 
ing  period  and  feel  that  we  have  already  done 
our  job.  All  of  us  in  this  favored  democratic 
society  should  remember  that  no  company  can 
last  long  without  customers.  Unfortunately, 
the  customer  is  capable  of  buying  a  company's 
shelves  bare  in  the  morning  and  voting  it  out 
of  business  that  afternoon. 

Of  course,  mere  volume  of  promotion  ma¬ 
terial  is  not  necessarily  the  prime  objective. 
We  must  remember,  too,  its  quality.  Is  our 
sales  message  making  an  impact  on  our 
readers?  Only  last  week  I  was  called  upon 
to  assist  in  obtaining  some  clear  mine  guides 
for  an  essential  user.  He  was  asked  by  tele¬ 
gram  if  a  selected  common  grade  would  be 
satisfactory.  Do  you  know  his  reply?  He 
said  a  trial  shipment  would  be  allright  pro¬ 
viding  there  were  no  knots  in  the  selected 
grade.  Gentlemen,  we  have  a  big  job  to  do. 

IS  DEVELOPMENT  AND 

INFORMATION  ADEQUATE  ? 

The  Bureau  has  a  technical  service  depart¬ 
ment  under  the  direction  of  Mr.  W.  Thornber 
which  has  made  some  remarkable  progress  in 
developing  lumber  markets.  The  composite - 
timber  concrete  bridge  has  been  developed 
and  promoted  here  in  Canada.  An  investiga¬ 
tion  of  hemlock  sawdust  as  a  fertilizer  and 
soil  mulch  is  being  carried  out  and  looks  pro¬ 
mising.  Research  on  the  value  of  dipping 
lumber  in  water  repellants  has  been  carried 
through  the  initial  stage.  A  laminated  board 
made  out  of  mill  waste  has  been  developed. 
Work  is  proceeding  on  a  timber  engineering 
handbook  which  will  certainly  help  meet  the 
competition  from  steel. 

Much  of  this  work  has  and  is  being  carried 
out  with  the  splendid  co-operation  of  the 
Forest  Products  Laboratories.  But,  gentle¬ 
men,  is  it  enough?  We  have  a  big  job  to  do. 

May  I  offer  you  two  suggestions  ?  First: 
we  must  expand  our  information  service. 

And  I  am  not  thinking  only  of  this  segment  of 
the  forest  products  industry.  We  will  have  to 
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tell  the  truth  about  lumber.  Tell  the  carpenter 
how  to  use  it  properly.  Help  the  schools  in 
their  work  of  teaching  manual  training.  Let 
the  coming  generation,  our  future  market, 
take  wood  in  its  hands  and  learn  how  easy  it 
is  to  work  and  to  how  many  uses  it  can  be  put. 
Give?  the  architects  and  engineers  all  the  data 
about  all  kinds  of  lumber  zmd  millwork,  in 
handbooks  of  convenient  size.  Inform  our¬ 
selves  about  our  product.  Do  all  of  you  know — 

I  didn't — that  simple  rule  of  engineering, 

"that  the  strength  of  a  abeam  varies  as  the 
square  of  its  depth"  ?  Do  you  know  that  a  2 
inch  by  12  inch  is  stronger  than  2  inch  by  8 
inch  nailed  side  by  side?  Can  we  answer,  off¬ 
hand,  questions  concerning  lateral  shrinkage? 

If  we  do  not  know  all  of  the  technical  data  about 
our  own  material,  how*  can  we  expect  to  sell  it? 
Let's  publicize  lumber!  Educate  the  consumer! 
Have  a  two-for-one  sale  when  the  going  is  tough. 
Let's  render  the  public  "lumber  conscious." 

The  second  suggestion  is  this:  to  awaken 
interest  we  must  produce  something  new — 
something  startling.  Why  not  deliver  kiln- 
dried  framing  lumber  painted  Chinese  red,  and 
the  words  "kiln-dried"  printed  on  it  in  bright 
yellow?  At  least  it  would  create  connment. 

Steel  has  always  been  painted  red.  Lumber 
must  be  made  better,  or  at  least  it  must  be 
improved  in  its  application  to  building.  Make 
lumber  non-inflammable.  Make  lumber  water¬ 
proof!  Make  lumber  decay-proof!  If  new 
sizes  are  going  to  better  construction  or  make 
lumber  easier  to  use,  then  let's  find  it  out  and 
adopt  them  as  new  standards.  If  better  grades 
have  more  strength  then  let's  reduce  their 
structural  sizes.  Soon  the  architects  once 
again  are  going  to  be  intensely  interested  in 
housing.  They  are  tired  of  the  stock  millwork 
of  15  years  ago.  Let's  give  them  new  mouldings 
as  the  metal  men  have!  Experiment  with  new 
methods  of  construction,  as  the  brick  dealers 
have.  Do  we  need  aU  of  these  bulky,  cumber¬ 
some  sizes  that  we  have  used  for  centuries  ? 
Isn't  there  a  lot  of  waste  in  our  present  wood 
frame  construction?  Who  invented  the  bowed 
wood  truss  and  the  lattice  truss  ?  Not  a  lum¬ 
berman!  Why  shouldn't  these  ideas  have 
emanated  from  the  lumbermam's  laboratory? 

Must  we  go  on  building  frame  houses  with 
a  large  part  of  the  construction  depending  upon 
the  strength  of  nails  ?  Who  selects  the  nails  ? 
What  does  he  know  ad>out  them?  What  have  we 
done  to  educate  him?  Is  there  no  better  way 
to  connect  lumber  ?  Have  we  tried  to  improve 
upon  nails  ? 

Think  what  expanded  research  facilities 
might  develop  in  new  ideas  and  new  uses  for 
lumber.  The  possibilities  are  infinite!  But 
its  employment  would  be  of  no  value  without 


publicity.  The  two  go  hand  in  hand.  Above  all, 
both  require  co-operation  throughout  every 
branch  of  our  industry. 

Nature  provides  us  with  wood,  in  a  form  al¬ 
most  ready  for  use.  We  don't  have  to  hunt  for 
it  in  the  bowels  of  the  earth.  It  grows  where 
we  can  see  it,  measure  it,  appraise  it,  test  it. 

It  is  comparatively  easy  to  cut,  manufacture 
and  replace.  It  does  not  have  to  be  mined, 
smelted,  worked,  heated,  cooled,  drawn  and 
forced  into  shape.  Wood  is  the  most  widely 
useful  material  of  construction.  It  is  given  to 
us  in  a  wide  variety  of  species,  each  admirably 
adapted  to  fill  a  particular  need. 

Wood  is  beautiful!  The  style  "moderne"  which 
preaches  "steel"  has  brought  to  us  the  use  of 
beautifully  grained  wood  as  interior  decoration! 
But  architects  often  have  been  scornful  of  some 
of  our  most  beautiful  woods  because  they  are 
too  common.  What  have  we  done  to  develop 
their  beauty?  Why  leave  it  to  varnish  makers 
to  experiment  with  wood  finishes  in  order  to 
render  wood  more  beautiful  and  hence  more 
saleable  ?  Don't  forget  that  one  of  the  most 
important  elements  in  the  sale  of  automobiles 
is  beauty.  Wood  is  inherently  beautiful.  Its 
beauty  can  be  emphasized.  It  is  one  of  the 
elements  of  the  argument  that  may  make  the 
public  "lumber  conscious." 

Wood  has  almost  everything  that  is  necessary 
as  an  all-purpose  building  material.  That  which 
it  lacks  can  be  provided,  if  we  will  take  the 
trouble.  Lumber  can  be  and  is  being  sold. 
Whether  or  not  it  will  be  sold  rests  entirely  in 
the  hands  of  the  lumber  industry. 
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T.he  development  of  the  plywood  industry 
here  on  the  West  Coast  during  the  last 
fifteen  years  has  been  stupendous.  In  spite  of 
a  three-fold  expansion  south  of  the  border  and 
a  ten-fold  in  this  country,  production  has  very 
seldom  caught  up  with  the  demand. 

There  has  been  a  curious  reaction  to  this 
situatibn.  On  the  one  hand,  a  slump  is  expected 
just  around  the  corner  and  we  talk  about  the 
ferocious  competition  which  will  ensure  then; 
on  the  other  hand,  almost  every  plywood  plant 
expands  rapidly,  and  every  year  a  few  large 
new  units  commence  production. 

This  strange  unbalance  between  present 
prosperity  and  gloomy  foreboding  is  quite  well 
illustrated  by  that  fact  that  in  the  U.S.  A.  the 
shares  of  may  plywood  plants  are  sold  for 
6  to  8  t’mes  the  yearly  earnings.  In  comparison, 
most  steel  shares  sell  for  approximately  14 
times  the  yearly  return. 

I  have  outlined  in  several  former  talks  what 
in  my  views,  the  industry  can  do  to  increase  its 
production  and  my  conclusions  were  that,  theo¬ 
retically,  given  time  it  can  expand  to  several 
t  mes  its  present  size.  In  this  talk  I  will  dis¬ 
cuss  how  potential  foreign  competition  might 
influence  our  development. 

THE  EARLIER  SITUATION 

Fifteen  years  ago  most  countries  which  pro¬ 
duced  plywood  from  timber  grown  within  their 
own  boundaries  exported  a  very  large  propor¬ 
tion  of  what  they  produced.  Most  of  the  world's 
plywood  imports  came  from  Europe  and  Japan. 
Finland,  the  leading  European  producer,  ex¬ 
ported  90  per  cent  of  its  production-  -about  ten 
million  cubic  feet  a  year.  Russia,  Poland, 
Roumania,  Yugoslavia,  Hungary,  and  others 
competed  for  the  few  export  markets  which 
they  found  mostly  in  England  and  Switzerland 
and  wherever  rubber  and  tea  chests  were  used. 

On  this  continent  only  Canada  was  really 
vitally  concerned  with  exports.  On  an  average, 
one-half  of  the  production  was -shipped  out  of 
the  country  before  the  war,  wh  le  U.  S  exports 
seldom  exceeded  3  per  cent  of  the  total  produced. 

Fifteen  years  ago  plywood  had  to  win  its  up¬ 
hill  fight;  by  replacing  lumber.  At  that  time 
lumber  was  a  surplus  commodity  in  almost  every 


corner  of  the  world,  and  it  sold  for  whatever 
one  could  get  for  it. 

TODAY'S  PICTURE 

Today  lumber  is  in  short  supply  everywhere. 
More  logs  are  harvested  from  the  forest  than 
ever  before,  in  every  corner  of  the  world,  but 
the  number  of  human  beings  and  their  ability  to 
consume  is  increasing  rapidly.  In  addition  to 
the  use  of  wood  for  plywood  and  lumber  a  steadil/ 
increasing  proportion  is  required  for  the  making 
of  paper,  textile  fibre,  chemicals  and  fuel. 

Central  and  Northern  Europe 

In  central  and  northern  Europe — mainly  in 
Scandinavia — forests  have  been  managed  for 
centures,  and  production  in  these  countries  can 
only  be  increased  at  the  rate  at  which  results 
of  improved  management  increases  yield,  and, 
to  the  extent  to  which  transportation  from  the 
few  formerly  inaccessible  areas  becomes  eco¬ 
nomical.  The  needs  of  the  European  continent 
for  post  war  reconstruction  are  very  large  and 
could  easily  absorb  all  of  the  plywood  produced. 

I  believe  it  is  correct  to  say  that  with  the  excep¬ 
tion  of  shipments  from  Finland,  plywood  export 
offerings  from  Europe  will  remain  insignificant 
and  intermittent  and  will  be  rather  motivated 
by  a  desperate  need  for  foreign  exchange  rather 
than  a  surplus  of  production  over  domestic  needs. 

Finland  was  the  world's  largest  plywood 
producer  before  the  way,  and  despite  the  loss  to 
Russia  of  some  of  its  best  forests  and  two  large 
plywood  plants,  the  production  is  back  to  pre¬ 
war  levels;  and  further  plant  expansion  is  under 
way.  By  reducing  the  rotation  age  to  about  45 
years  in  the  birch  forests  and  adapting  their 
plants  to  the  handling  of  very  small  logs,  the 
Finns  have  substantially  increased  their  supply 
of  raw  material,  and  there  is  still  a  fair  reserve 
to  draw  from.  Finaldn  and  other  Scandinavian 
countries  have  reached  a  very  high  degree  of 
integration  of  their  wood-converting  industries, 
and  this  helps  them  to  produce  economically  in 
spite  of  a  rapidly  increasing  wage  level. 

Western  Europe 

Western  European  countries  purchase  logs 
mostly  from  Africa's  West  Coast,  and  export 
some  of  the  product  of  those  logs.  I  believe 
that  log  exports  from  anywhere  in  the  world. 
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but  particularly  from  such  densely  populated 
areas  as  Nigeria  and  the  Gold  Cost,  will  be 
more  and  more  restricted,  and  soon  stopped 
altogether — just  as  soon  as  the  responsible 
authorities  become  aware  of  the  fact  that  these 
logs  can  be  satisfactorily  converted  within  the 
country,  thereby  to  create  employnpent. 

It  has  been  proven  recently  that  excellent 
plywood  can  be  made  in  the  tropics,  and  I  will 
report  about  this  later  on. 

England,  which  before  the  war  was  the  largest  . 
plywood  importer  in  the  world,  is  gradually  pro¬ 
ducing  an  increased  proportion  of  its  needs- - 
today  about  one -third  of  its  yearly  300  million 
square  feet  1/4-inch  equivalent  consumption. 

Most  of  this  is  produced  from  logs  in  the  colonies, 
and  1  believe  that  more  and  more  of  the  British 
manufacturing  will  be  done  in  the  colonies. 

Russia 

I  cannot  discuss  Russia's  position  as  a  ply¬ 
wood  exporter.  We  know  that  Russian  forests 
are  vast,  some  of  the  greatest  in  the  world 
Russia  has  many  modern  plants,  and  even  dur;ng 
the  war,  a  tremendous  effort  was  made  there  to 
train  personnel  for  forest  management.  At  any 
time  when  Canadian  forestry  students'  enroll¬ 
ment  dropped  to  a  record  low  because  men  were 
needed  for  f  ghting  forces,  the  Russians  were 
reported  to  have  trained  a  record  number  of 
people  for  foresters  and  forest  rangers. 

Today  the  Russians  buy  a  lot  of  plywood  from 
Finland  and  their  satellite  countries  in  eastern 
Europe.  At  the  same  time  they  sell  a  large 
amount,  mostly  to  England.  Russian  offerings 
on  the  export  market  have  been  for  many  years 
so  closely  tied  up  with  the  political  aims  of  the 
moment  that  I  would  like  to  be  excused  from 
assessing  their  export  potential  except  for  ven¬ 
turing  the  guess  that  if  the  Russian  aim  should 
become  to  raise  the  standard  of  living  within  the 
country  to  western  levels,  they  will  need  all  they 
can  produce  for  building  up  their  own  country. 

Asia 

By  discussing  Russia's  potential,  we  have  not 
only  covered  what  Europe  can  do,  but  also  men¬ 
tioned  the  only  potentially  important  Asiatic 
producer.  Ceylon,  India,  and  Pakistan  have  sub¬ 
stantial  timber  resources,  and  so  have  the  Indo¬ 
nesian  and  adjoining  islands.  In  many  of  these 
countries,  plywood  plants  have  been  established 
in  the  last  few  years,  but  so  far  they  aye  unable 
to  fill  the  requirements  for  tea  dnd  rubber  chest 
plywood  let  alone  the  rapidly  increasing  needs 
for  better  housing  in  their  countries.  Japan 
exported  a  lot  of  plywood  before  the  war ,  but  this 
was  an  export  of  their  cheap  labor.  They  had  to 


import  logs  from  the  Pacific  islands--mainly 
the  Philippings--and  with  the  democratization 
of  Japan,  it  is  unlikely  that  plywood  production 
for  export  will  become  again  a  major  factor. 

The  Antipodes 

The  volume  of  peelable  logs  extracted  from 
the  forests  of  Australia  and  New  Zealand  at  the 
present  time  is  insufficient  to  cover  local  needs. 

Manufacturers  in  the  Antipodes  learn  rapidly 
how  to  use  a  greater  proportion  of  the  logs  ex¬ 
tracted  from  the  tropical  forests.  The  tech¬ 
nique  of  forest  management  improves  quickly 
in  this  part  of  the  world,  and  great  strides  are 
made  in  reforesting  large,  barren  stretches  of 
the  country  there;  but  with  large-scale  immi¬ 
gration  and  good  wages,  the  demand  for  ply¬ 
wood  increases  just  as  quickly,  and  it  will  tax 
the  ingenuity  of  all  concerned  to  make  enough 
plywood  for  the  home  consumption  in  Australia 
and  New  Zealand. 

1  know  of  two  large  areas  in  the  world  where 
production  capacity  has  hardly  been  scratched 
— West  Africa  and  South  America. 

West  Africa 

There  are  very  large  hardwood  forests  in 
West  Africa  covering  many  thousand  miles  of 
coast  line.  These  forests  are  in  British, 

French,  Spanish,  Belgian  and  Portuguese 
colonies,  and  to  a  small  extent,  in  the  free 
negro  republic  of  Liberia.  These  forests  con¬ 
tain  a  large  variety  of  trees,  and  until  recently 
only  a  few  were  used  for  plywood  and  exported 
to  European  and  American  plants.  During  the 
war  it  was  shown  many  times  (and  American 
army  forces  were  our  best  teachers)  that  one 
can  maintain  shops  doing  precision  work  in 
this  very  hot  and  humid  climate,  and  northern 
key  personnel  can  work  there  in  good  health  if 
a  certain  routine  is  adhered  to. 

After  the  war  it  was  not  long  before  a  host 
of  plywood  men  started  to  build  in  what  is 
considered  darkest  Africa.  One  of  the  most 
modern  and  beautiful  plants  ever  built  started 
operations  in  1948  in  the  Nigerian  jungle. 

This  plant  is  operated  by  the  United  Africa 
Company,  a  subsidiary  of  Lever  Brothers,  and 
it  is  turning  out  an  excellent  phenol  bonded  ply 
wood.  Quite  a  few  smaller  plants  started  in  the 
Gold  Coast,  in  the  Congo,  and  in  the  French 
colony  of  Gaboon.  As  soon  as  the  manufacturers 
learn  to  use  a  larger  variety  of  species,  the 
potential  supply  of  timber  will  increase  enor¬ 
mously.  Reforestation  has  seldom  been  prac¬ 
ticed  so  far,  and  has  hardly  been  necessary; 
blue  prints  for  the  future  provide  a  planting 
program  which  will  grow  24— inch  diameter  dbh 
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logs  to  120  feet  high  in  40  to  60  years.  We  will 
hear  more  and  more  about  plywood  produced  in 
West  Africa,  and  we  can  expect  that  well  opera¬ 
ted  plants  will  turn  out  excellent  plywood  at  a 
very  low  cost. 

Whether  the  theoretically  possible  plant 
expansion  will  be  carried  out  in  the  near  future 
will  largely  depend  on  how  the  potential  investor 
judges  the  stability  of  the  political  situation  in 
the  colonies.  Today  a  very  small  number  of 
white  people  control  and  direct  a  very  large 
number  of  natives  in  these  areas.  The  natives 
gradually  take  over  from  the  whites  but  this  is 
a  very  slow  process  because  most  of  the  very 
backward  people  have  to  be  educated  into  posi¬ 
tions  of  responsibility.  The  pressure  to  speed 
up  the  process  is  very  strong,  and  if  once  the 
slow  evolution  were  cut  short,  many  people 
saturated  with  superstition,  hatred  and  fear, 
would  start  governing.  Not  only  might  the 
North  American  or  European  lose  his  invest¬ 
ment  then,  but  the  white  supervisors'  lives 
might  be  in  danger  if  they  do  not  get  away  in 
time.  One  more  thing  should  be  considered: 
only  a  very  large,  well-organized  plant  is  likely 
to  succeed  in  the  tropics.  The  training  of  the 
local  population  is  expensive  in  time  and  mach¬ 
inery.  The  white  people  have  to  be  housed 
luxuriously,  paid  extremely  well,  and  babied 
along  to  keep  them  from  quitting  prematurely. 

It  is  customary  to  give  three  months'  paid 
holidays  after  one  year's  service,  and  of  course, 
finance  the  return  trip  home  for  the  man,  his 
wife,  and  his  children.  Nobody  figures  on  set¬ 
tling  permanently  in  the  tropics — the  climate  is 
too  hard  on  everybody  but  the  natives — and 
consequently  the  white  employees  are  not  really 
interested  in  any  long  range  planning.  From 
what  I  found,  people  enjoy  the  new  surroundings 
for  about  three  months,  and  from  then  on  it  is  a 
hard  struggle  to  keep  them  going. 

From  what  I  mentioned  before,  1  deduced 
that  we  will  get  an  increase  of  volume  of  good 
plywood  from  the  tropics,  but  the  expansion 
will  be  a  slow  one . 

South  America 

We  have  to  discuss  separately  potential  ply¬ 
wood  manufacture  in  tropical  and  in  southern 
South  America.  Some  of  the  world's  greatest 
timber  reserves  are  in  Central  and  South 
America.  Almost  everything  mentioned  about 
the  West  African  exploitation  holds  true  in  this 
part  of  the  world  too,  except  that  the  mixed 
hardwood  forests  contain  a  very  high  percent¬ 
age  of  very  heavy,  rather  small-Sized,  and  not 
easily  workable  timber. 

About  f've  small  plants  make  plywood  from 
tropical  hardwoods,  mostly  from  Peroba,  and 


all  these  plants  are  located  close  to  Rio  de 
Janiero.  In  contrast  to  this  slow  and  insigni¬ 
ficant  development,  the  southern  Brazilian, 
Uruguayan,  and  Argentine  effort  to  produce 
plywood  from  Parana  pine,  is  more  spectacu¬ 
lar.  During  the  war  about  120  plants  have  pro¬ 
duced  up  to  six  million  cubic  feet  annually.  It 
is  not  easy  to  make  good  plywood  from  the 
Parana  pine  log.  Much  of  the  stock  was  very 
poorly  manufactured,  and  checked  and  warped 
badly  when  it  reached  the  customer;  conse¬ 
quently,  when  plywood  became  available  again 
from  more  reliable  sources  after  the  war, 
demand  for  the  Brazilian  product  dropped  off 
considerably.  Today,  some  35  units  make 
about  two  million  cubic  feet  of  Parana  pine 
plywood  yearly,  some  of  which  is  of  very  good 
qualify.  About  40  percent  of  this  production 
is  exported. 

Parana  pine  resources  are  not  very  large, 
but  we  can  expect  a  moderate  expansion  of 
sales  of  this  product  on  the  world  market. 

In  my  review  of  areas  throughout  the  world 
which  might  produce  plywood  for  export,  I 
have  only  evaluated  so  far  their  timber  poten¬ 
tial  and  the  possibilities  of  extracting  and  con¬ 
verting  the  timber. 

Labor  Costs 

The  largest  single  cost  item  in  the  manu¬ 
facture  of  plywood  is  labor  in  extracting  thef 
log  and  converting  it  into  the  end  product.  We 
here  in  the  Pacific  northwest,  are  paying  the 
highest  labor  rates  anywhere.  Just  to  make  a 
rough  comparison,  we  can  take  an  average 
hourly  wage  rate  for  the  cost  (including  labor, 
overhead)  of  $1. 75.  This  compares  with  60^ 
in  Sweden,  50^  in  England,  40^  in  Finland, 

10^  in  the  Parana  pine  region  of  Brazil,  and 
4-1/2^  in  West  Africa.  It  is  correct  that  the 
performance  per  man  in  the  tropics  is  some¬ 
what  less  than  in  other  countries,  and  a  larger 
proportion  of  highly-paid  supervisors  has  to 
be  employed,  but  the  wage  differential  is  so 
tremendous  that  it  cannot  be  ignored  or  glossed 
over  by  hoping  that  we  will  do  more  here  per 
man  hour. 

CONCLUSION 

My  conclusions  are  that  there  are  a  few 
areas  in  the  world  where  good  plywood  can  be 
produced  cheaper  than  we  can  make  it,  and  the 
volume  of  production  in  those  areas  will  in¬ 
crease  slowly;  however,  the  total  quantity 
available  for  export  will  not  be  large — at  least 
in  the  next  decade- -and  a  number  of  countries 
will  compete  for  the  product. 

When  we  think  about  plant  expansion  here  at 
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home,  we  should  make  sure  that  the  project 
will  fit  into  a  consolidated  economic  picture 
and  that  we  have  a  market  for  the  bulk  of  the 
production  here  at  home.  We  cannot  expect  to 
be  competitive  in  the  world  markets  in  the  long 
run;  however,  at  home  we  can  produce  what  the 
customer  really  wants  and  when  the  customer 
want  is--amuch  better  chance  than  the  com¬ 
peting  producer  has  when  located  many  thou¬ 
sand  miles  away. 

It  is  important  that  the  plywood  plant  should 
fit  into  a  fully  integrated  scheme  of  wood  utili¬ 
zation.  This  means  that  the  non-peelable  logs 
from  the  forest  should  find  adequate  markets. 
The  plywood  plant  should  not  have  to  buy  a  lot 
of  logs  it  cannot  use. 

With  every  hundred  cubic  feet  of  logs  turned 
into  plywood,  as  a  by-product  twenty-five  cubic 
feet  of  wood  for  pulp  chips  are  available,  and 
about  ten  cubic  feet  of  bark  which  should  be 
burned  in  an  efficient  power  plant. 

We  work  here  on  the  coast  with  people  who 
are  intelligent,  inventive,  and  prepared  to 
assume  responsibility  and  use  their  initiative. 

If  we  carefull/  train  them  and  fit  them  into  a 
job  where  they  can  use  their  capacities,  if  we 
encourage  them  to  use  their  own  judgment  and  to 
develop  as  they  go  along,  we  are  taking  full 
advantage  of  our  biggest  asset  here.  This 
should  permit  us  to  stay  in  whatever  competi- 
t  on  we  might  have  to  face. 
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Importance  of  Moisture  in  Wood 

ARTHUR  KOEHLER,  Wood  Technologist,  Los  Angeles,  Calif. 


IMPROPER  moisture  content  of  wood  is 
the  cause  of  many  troubles  encountered 
in  the  manufacture  and  use  of  products  made 
therefrom.  Usually,  in  such  cases,  the  wood 
contains  too  much  moisture,  but  occasionally 
it  is  too  dry. 

All  green  wood  has  too  high  a  moisture  con¬ 
tent  for  most  purposes  and  for  good  results 
must  be  dried  more  or  less  before  use.  Ex¬ 
ceptions  are  wood  to  be  used  in  prolonged  wet 
or  damp  places,  such  as  posts  and  piling  not 
to  be  given  preservative  treatment,  ship  tim¬ 
bers  below  water  line,  and  large  timbers  for 
bridges  and  other  structures  which  would  re¬ 
quire  an  excessively  long  time  to  dry,  although 
they  would  be  better  for  it.  Even  air-dried 
wood  has  toe  high  moisture  content  for  many 
purposes. 

If  wood  is  not  sufficiently  dried  before  use, 
it  will  give  off  moisture  during  use  until  it 
comes  into  equilibrium  with  surrounding  atmos¬ 
pheric  conditions.  At  higher  relative  humidi¬ 
ties,  but  in  ordinary  usage  wood  never  gets 
absolutely  dry — there  always  is  some  moisture 
in  or  out  of  wood  by  some  kind  of  coating. 

Some  coatings  retard  moisture  change  a  great 
deal,  which  may  be  highly  beneficial,  but  none 
prevent  it. 

WHY  WOOD  MUST  BE  DRIED 

There  are  several  reasons  why  it  is  neces¬ 
sary  to  dry  wood  before  use,  but  the  most 
important  one  is  to  prevent  excessive  drying 
and  shrinkage  during  manufacture  or  use. 

Wood  begins  to  shrink  when  it  gets  down  to 
about  30  percent  moisture  content,  based  on 
the  oven-dry  weight  (called  the  "fiber-satura¬ 
tion  point"),  and  from  there  on  it  shrinks 
roughly  in  proportion  to  the  amount  of  mois¬ 
ture  lost  until  all  moisture  has  been  driven 
off.  So,  at  15  percent  moisture,  whiclv'repre- 
sents  an  air-dry  condition  for  many  parts  of 
the  country,  wood  has  shrunk  about  one -half 
of  the  total  amount  possible.  At  7  or  8  per¬ 
cent,  which  represents  an  average  for  a  large 
preportion  of  kiln-dried  lumber,  the  shrinkage 
has  been  about  three-fourths  of  the  total  pos¬ 
sible. 

The  amount  of  shrinkage  varies  not  only  with 
the  amount  of  moisture  lost  below  30  percent, 
but  also  with  the  kind  of  wood,  and  the  direct¬ 
ion  with  respect  to  the  tree's  axis. 


As  a  rule,  the  heavier  woods  shrink  much 
more  across  the  grain  tljan  the  lighter  ones 
with  the  same  change  in  percentage  of  moisture 
content.  Oak  shrinks  more  than  yellow-poplar, 
birch  more  than  gum,  Douglas  fir  more  than 
redwood,  and  longleaf  pine  more  than  ponderosa 
pine.  Values  for  the  average  shrinkages  of 
native  commercial  woods  can  be  found  in  various 
publications  of  the  Forest  Products  Laboratory 
and  in  textbooks  on  wood  technology. 

Wood  shrinks  very  little  along  the  grain. 

For  normal  longitudinal  shrinkage  is  about  the 
same  for  all  species,  heavy  or  light,  namely, 
one-tenth  of  one  percent.  There  are  certain 
abnormal  kinds  of  wood,  however,  which  shrink 
considerably  more.  Compression  wood,  which 
is  the  hard,  brittle  wood  found  on  the  lower  side 
of  leaning  softwood  tree  trunks,  tension  wood, 
which  is  formed  on  the  upper  side  of  leaning 
hardwood  trunks,  and,  in  general,  wood  ligM 
in  weight  for  a  species,  shrink  appreciably 
lengthwise.  Then,  too,  lumber  with  cross 
grain,  wavy  grain,  and  curly  grain  shrinks  more 
or  less  lengthwise  because  of  a  transverse 
shrinkage  component  coming  in  along  the  length 
of  a  piece.  This  longitudinal  shrinkage  may 
in  some  cases  become  serious  on  account  of 
the  bowing  that  it  produces  when  one  part  of 
a  board  or  beam  shrinks  more  lengthwise  than 
another  part. 

For  example,  I  know  of  a  firm  that  had  trouble 
with  bowing  of  2-  by  2 -inch  pieces  before  and 
eifter  they  were  fastened  to  the  top  of  the  head 
and  foot  ends  of  bedsteads.  Most  of  these  pieces 
were  made  of  1-by  2-inch  lumber  strips  glued 
together.  An  examination  of  the  wood  showed 
it  to  be  swamp  ash  of  the  kind  that  has  appreci¬ 
able  longitudinal  shrinkage.  Either,  the  bowed 
pieces  were  made  of  two  pieces  of  different 
moisture  contents  or,  if  of  the  same  moisture 
content,  of  different  shrinkage  potentials.  The 
point,  however,  is  that  they  shrank  after  being 
glued  together,  which  means  that  they  were  not 
dry  enough. 

Wood  shrinks  almost  twice  as  much  circum¬ 
ferentially  in  a  log  as  radially.  Consequently, 
plain-sawed  lumber  shrinks  nearly  twice  as 
much  in  width  but  almost  one -half  as  much  in 
thickness  as  quarter-sawed  lumber.  These 
differences  in  longitudinal  and  transverse 
shrinkages  are  responsible  for  nearly  all  of 
the  bowing,  cupping,  twisting,  and  checking 
that  occur  in  lumber  and  finished  products,  but 
only  when  change  in  moisture  take  place.  If 
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wood  is  properly  selected,  properly  dried, 
and  properly  taken  care  of  in  use,  it  will  hold 
its  shape  remarkably  well,  as  is  shown  by 
its  satisfactory  behavior  in  fine  furniture, 
airplane  propellers,  photo™ engraving  blocks, 
musical  instruments  and  a  host  of  other  uses 
with  exacting  requirements. 

Other  reasons  why  lumber  should  be  dried 
before  use  are  to  prevent  or  reduce  certain 
kinds  of  stain,  insect  attack,  and  decay  be¬ 
tween  the  time  of  felling  and  fabrication. 

'Except  for  damage  by  certain  kinds  of  insects, 
these  types  of  deterioration  will  not  take  place 
in  wood  dried  below  20  percent  moisture. 

There  is  no  such  thing  as  "dry  rot"  in  the 
sense  that  dry  wood  decays. 

For  most  preservative  and  fireproofing 
processes  wood  must  also  be  dried  to  facili¬ 
tate  penetration  of  the  chemical  solutions 
used.  Finally,  reduction  in  moisture  content 
of  wood  below  the  fiber -saturation  point  in¬ 
creases  its  strength,  improves  its  nailing, 
gluing,  painting,  and  insulating  properties, 
and  decreases  its  weight  and  electric  conduct¬ 
ivity  . 

To  reduce  the  moisture  content  of  wood  to 
the  right  percentage,  it  is  air  dried,  kiln 
dried,  or  both.  This  is  not  the  time  and 
place  to  discuss  these  processes  at  any  length. 
Suffice  it  to  say  that  the  drying  of  lumber  has 
assumed  advanced  technical  aspects  in  the 
last  three  or  four  decades  hardly  dreamed 
of  at  the  beginning  of  the  century.  With  the 
high  price  of  lumber,  the  risk  of  deterioration 
if  not  properly  taken  care  of,  the  frequent 
necessity  for.  speed  in  manufacture,  and  the 
greater  insistence  on  high-grade  products, 
lumber  drying  can  no  longer  be  left  to  hap¬ 
hazard  methods. 

THE  MOISTURE-CONTENT- 

IN-USE  FACTOR 

The  chief  purpose  of  this  paper  is  to  dis¬ 
cuss  how  dry  lumber  should  be  when  used  in 
manufacturing  various  products  in  southern 
California.  There  are  two  aspects  to  this 
question.  One  is  in  regard  to  products  to  be 
shipped  to  other  parts  of  California,  to  other 
states,  and  even  abroad.  The  other  is  in 
regard  to  products  to  be  used  locally,  that  is, 
in  southern  California.  There  is  one  univer¬ 
sal  rule,  however,  that  applies  to  all  cases, 
namely,  lumber  should  be  dried  before  manu¬ 
facture  to  approximately  the  average  moisture 
content  that  the  finished  article  will  have  in 
use,  or,  better  still,  slightly  below  the  aver¬ 
age,  since  a  little  swelling  is  less  detrimen¬ 
tal,  as  a  rule,  than  the  same  amount  of 
shrink^^ge.  Swelling  tightens  up  things,  some 


of  which  can  be  relieved,  as  in  doors,  windows, 
and  drawers  by  scraping  or  planing,  whereas 
shrinkage  often  causes  irreparable  damage, 
such  as,  checking,  opening  of  joints,  warping, 
and  loosening  of  glue,  nails,  and  screws. 

In  all  regions  where  the  winters  are  cold 
enough  so  that  houses,  stores,  and  offices  are 
heated,  and  this  includes  practically  all  the 
populated  areas  of  the  United  States,  the  mois- 
.ture  content  of  furniture  and  interior  finish  in 
such  buildings  is  lowest  in  mid-winter  and 
highest  in  spring,  summer  or  autumn  whenever 
the  outdoor  humidity  is  high  for  prolonged 
periods.  This  is  true  not  only  because  such 
buildings  are  heated  in  winter  but  because  they 
are  kept  closed  most  of  the  time,  whereas 
during  the  warmer  seasons  they  are  more  open 
and  therefore,  most  subject  to  outdoor  atmos¬ 
pheric  condition.  In  houses  that  are  not  heated 
in  winter  the  moisture  content  of  interior  trim 
and  furniture,  if  present,  is  higher  in  winter 
than  in  summer  in  practically  all  of  the  United 
States. 

If  finished  products  are  to  be  shipped  nation¬ 
wide  they  should  have  the  same  moisture  con¬ 
tent  at  time  of  manufacture  whether  made  in 
southern  California,  Chicago,  or  High  Point, 

N.  C.,  because  it  is  the  place  where  the  article 
is  to  be  used  that  governs  moisture  content  at 
time  of  manufacture.  If  it  is  not  known  at  the 
time  of  manufacture  where  the  article  will  be 
shipped,  then  for  house  and  office  furniture, 
case  goods  and  other  articles  normally  used 
and  stored  in  heated  buildings  in  winter,  the 
moisture  content  of  the  lumber  used  should  be 
between  5  and  7  percent  as  it  goes  into  produc¬ 
tion.  Interior  finish  and  flooring  should  be  2 
or  3  percent  higher.  If  flooring  is  low  in  mois¬ 
ture  content  it  must  be  laid  too  tight. 

If  it  is  known  that  furniture  made  in  southern 
California  or  elsewhere  is  to  be  used  along  the 
coast  north  of  San  Francisco  or  the  South  At¬ 
lantic  and  Gulf  States,  then  the  lumber  for  its 
manufacture  should  have  a  higher  moisture  con¬ 
tent;  about  7  to  9  percent  because  of  the  milder 
and  damper  conditions  prevailing  there  in  win¬ 
ter  than  in  the  interior.  If  it  is  to  be  shipped 
to  the  tropics  it  may  well  have  9  to  12  percent 
at  time  of  manufacture. 

CALIFORNIA  DATA 

Now,  let  us  consider  furniture  and  similar 
products  to  be  used  in  southern  California. 
Unfortunately,  there  is  little  information  as 
to  how  dry  wood  becomes  in  summer  and  win¬ 
ter,  indoors  and  outdoors  in  southern  Californ¬ 
ia.  The  Forest  Products  Laboratory  has  pub¬ 
lished  a  map  in  the  Wood  Handbook  and  else¬ 
where  showing  a  recommended  moisture  content 
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of  10  to  13  percent  with  an  average  of  11  percent 
at  the  time  of  installation  of  interior  woodwork 
in  this  area.  Those  values  are  too  high,  how¬ 
ever.  They  are  not  based  on  actual  tests  but 
on  estimates  calculated  on  the  average  relative 
humidity  outdoors.  • 

During  the  past  summer  I  started  a  series 
of  tests  on  the  moisture  content  of  wood  indoors 
and  outdoors  at  my  home  in  Los  Angeles  about 
10  miles  from  the  ocean.  Similar  tests  on 
samples  matching  mine  were  started  by  Howard 
J.  Hansen,  Head  of  Structures  Research,  Naval 
Civil  Engineering  Research  and  Evaluation  Lab¬ 
oratory,  Port  Hueneme,  Calif,  ,  within  a  few 
hundred  feet  of  the  ocean,  and  by  Jack  B.  Cun¬ 
ningham,  President,  Woodwelding  Inc.  ,  Bur¬ 
bank,  Calif.  Indoor  samples  were  hung  up  in 
residence  or  office  rooms  that  are  heated  in 
winter,  and  outdoor  samples  were  hung  so  as 
to  be  exposed  to  outdoor  air  but  protected  from 
sun  and  rain.  Five  species,  two  hardwoods 
and  three  softwoods,  are  being  used  in  the  in¬ 
vestigation. 

To  date,  only  limited  data  are  available  from 
the  Los  Angeles  and  Port  Hueneme  locations. 

At  my  home  in  Los  Angeles  the  samples  average 
11.  5  percent  moisture  indoors  and  11.6  percent 
outdoors  for  the  period  from  June  24  to  October 
9,  1950.  During  this  time  the  house  had  not 
been  artificially  heated.  At  Port  Hueneme  the 
samples  averaged  11.1  percent  indoors  and  15.0 
percent  outdoors  from  August  9  to  September 
27.  During  this  time  the  building  in  which  the 
indoor  samples  were  hung  was  heated  on  some 
of  the  days  on  which  the  samples  were  weighed, 
but  no  appreciable  reduction  in  moisture  content 
was  observed  for  those  days,  presumably  be¬ 
cause  the  heat  was  turned  on  only  for  a  limited 
period.  The  effect  of  proximity  to  the  ocean 
was  quite  apparent  in  the  moisture  content  of 
the  outdoor  seimples. 

A  few  samples  of  pine,  Douglas  fir,  and  ash 
kept  in  my  house  last  winter  had  a  moisture 
content  of  7.5  to  8.8  percent  on  February  25. 
Tests  made  on  some  interior  finish  in  a  house 
in  Pasadena  on  March  28  showed  a  moisture 
content  of  7.2  to  9.2  percent.  These  values 
are  preliminary  and  will  be  supplemented  by 
others  during  the  coming  winter  and  spring. 
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Incineration  of  Wood  Waste 
in  the  Los  Angeles  Area 

ROBERT  L.  CHASS,  Assistant  Director,  Air  Pollution  Control  District, 
Los  Angeles  County,  Calif. ,  and  EDWARD  S.  FELDMAN,  Executive 
Secretary,  Furniture  Manufacturer's  Association  of  Southern  Calif. 


LL  industrial  cities  are  subject  to  man¬ 
made  pollution  of  the  atmosphere,  to  some 
extent.—  But  Los  Angeles  and  its  environs 
have  special  and  peculiar  problems.  Los 
Angeles  County  is  the  largest  heavily  industri 
alized,  semi-tropical  area  in  the  world.  (The 
County  comprises  4,  083  square  miles  and 
contains  45  incorporated  cities  and  large  scat¬ 
tered  unincorporated  areas).  Its  population 
has  more  than  doubled  since  1939  and  industry 
has  expanded  from  approximately  1,  500  estab¬ 
lishments  capable  of  emitting  contaminants  then 
to  an  estimated  12,000  such  establishments  in 
1951. 

Topographical  and  meteorological  conditions 
aggravate  the  effects  of  the  pollution  produced 
by  this  population  and  this  industry  in  the  Los 
Angeles  Basin.  High  mountain  ranges  surround 
the  Basin  on  the  north  and  northeast  (See  Fig. 

1).  Prevailing  winds  during  most  of  the  year 
are  westerly  or  southwesterly  during  the  day 
time.  Average  wind  velocity  is  but  slightly  in 
excess  of  six  miles  per  hour.  Thesp  gentle 
"on-shore"  breezes  move  over  the  Basin  from 
about  8:30  in  the  morning  until  midnight.  After 
midnight  a  slight  land  breeze  develops  which 
moves  down  the  mountain  valleys  towards  the 
coast  at  an  average  of  about  one  mile  per  hour. 

Such  winds  as.  do  develop  are  made  relatively 
ineffective  in  their  job  of  carrying  off  the  pol¬ 
luted  (offending)  air  by  a  condition  of  tempera¬ 
ture  inversion  which  prevails  on  approximately 
260  days  of  the  year.  These  inversions  had  been 
most  noticeable  during  the  summer  months  but 
in  the  last  two  years  extreme  inversions  have 
occurred  in  the  November -December  period, 
as  well.  They  also  occur  in  other  parts  of  the 
Mrinter  when  a  high  pressure  area  develops 
over  the  Great  Basin. 

The  effect  of  temperature  inversions  is  to 
limit  the  vertical  distribution  of  the  atmos¬ 
pheric  pollution,  while  the  local  winds  move 
the  pollution  over  the  area  from  the  west  during 
the  day.  If  the  pollution  does  not  escape  through 
the  mountain  passes,  the  night  breezes  return 
it  over  the  Basin — only  to  be  reinforced  by  the 
next  day's  contamination. 

The  inversion  layer  is  quite  resistant  to  tur¬ 
bulence  and  acts  as  a  lid  to  hold  pollution  near 
the  ground.  Frequently  the  base  of  the  inver¬ 
sion  is  at  ground  level.  The  result  is  what  is 


called  "smog.  " 

In  Los  Angeles  this  term  is  applied  to  the 
complex  mixture  of  smoke,  fumes,  gases 
and  solid  and  liquid  particles  in  the  atmos¬ 
phere.  —  The  impact  of  this  intense  mixture 
has  wide  ranging  effects.  Such  tangible  and 
undesirable  consequences  as  crop  damage, 
reduced  visibility  (with  its  interference  with 
air  travel  and  tourist  trade),  eye  and  throat 
irritation  and  local  nuisances  may  be  cited. 

When  individual  city  ordinances  were  found 
to  be  practically  worthless  in  reducing  smog, 

"The  use  of  coal  in  this  country  (England) 
and  consequently  the  beginning  of  the  smoke 
nuisance,  is  believed  to  have  commenced  at 
the  end  of  the  thirteenth  century.  At  first 
the  practice  of  using  this  fuel  was  confined 
to  certain  manufactures  but  soon  became  gen¬ 
eral  in  London  by  reason  of  the  high  cost  of 
wood.  It  was  soon  realized  that  the  smoke 
given  off,  by  reason  of  imperfect  combustion, 
was  prejudicial  to  health  and  proclamations 
were  issued,  both  by  King  Edward  I  and  Queen 
Elizabeth,  prohibiting  the  burning  of  coal  in 
London  during  such  times  as  Parliament  was 
in  Session.  The  injurious  effects  from  smoke 
experienced  by  Londoners  caused  them  in  1648 
to  petition  Parliaunent  to  prohibit  the  import¬ 
ation  of  coal  from  Newcastle.  In  1661  John 
Evelyn  published  his  well-known  pamphlet, 
"Fumi-Fugium:  or.  The  Inconvenience  of  the 
Aer,  and  Smoake  of  London  Dissipated"  and 
in  t  he  same  reign  a  bill  was  prepared  with  the 
object  of  mitigating  nuisances  arising  from 
smoke;  however  the  bill  was  not  proceeded 
with  and  no  important  steps  were  taken  in  this 
connection  until  1819,  when  Parliament  ap¬ 
pointed  a  Committee  to  inquire  how  far  persons 
using  steam  engines  and  furnaces  could  erect 
them  in  a  manner  less  prejudicial  to  public 
health  and  comfort.  The  Committee  in  due 
course  reported  that  the  evidence  bore  out  the 

practicability  of  smoke  prevention . " 

W.  R.  Hornby  Steer,  The  Law  of  Smoke  Nuis¬ 
ances,  London,  1938,  p.  10. 

—The  term  has  a  broader  connotation  here  than 

is  usually  found  in  the  literature.  See,  for 

example,  the  chapter  "'Smog'  and  the  Weather", 

in  Henry  Obermeyer,  Stop  That  Smoke!  Harper 

and  Bros.,  1933,  p.  73  et  seq. 
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the  California  Legislature  in  1947,  yielded  to 
public  clamor  and  adopted  certain  amendments 
to  the  Health  and  Safety  Code.—  This  law 
allows  any  California  county  governing  body 
(Board  of  Supervisors)  to  establish  an  Air 
Pollution  Control  District  whenever  it  finds 
that  the  air  is  "so  polluted  with  air  contaminants 
as  to  be  injurious  to  health,  or  an  obstruction 
to  the  free  use  of  property,  or  offensive  to  the 
senses  of  a  considerable  number  of  persons,  so 
as  to  interfere  with  the  comfortable  enjoyment 
of  life  and  property.  " 

When  a  District  is  established,  rules  and 
regulations  may  be  adopted  which  will  aid  in 
controlling  pollution.  Violation  of  any  section 
of  the  law  or  regulations  is  a  misdemeanor 
subject  to  prosecution.  Enforcement  may  also 
be  had  by  way  of  injunctive  proceedings. 

However,  the  principal  means  of  enforcement 
is  through  a  system  of  permits.  It  might  be  well 
at  this  time  to  quote  the  most  important  of  the 
Rules  and  Regulations  of  the  Air  Pollution  Con¬ 
trol  District  that  pertain  to  permits: 

RULE  10.  PERMITS  REQUIRED 

a.  Authority  to  Construct.  Any  person, 
building,  erecting,  altering  or  replacing  on  or 
after  February  1,  1948,  any  article,  machine, 
equipment  or  other  contrivance,  the  use  of 
which  may  cause  the  issuance  of  air  contami¬ 
nants  or  the  use  of  which  may  eliminate  or  re¬ 
duce  or  control  the  issuance  of  air  contaminants, 
except  an  article,  machine,  equipment  or  other 
contrivance  described  in  Section  24265  of  the 
Health  and  Safety  Code,  shall  first  obtain  auth¬ 
orization  for  such  construction  from  the  Air 
Pollution  Control  Officer. 

b.  Permit  to  Operate.  Before  any 
article,  pnachine,  equipment  or  other  contri¬ 
vance  described  in  Rule  10  (a)  may  be  operated 
or  used,  a  permit  shall  be  obtained  from  the 
Air  Pollution  Control  Officer. 

RULE  11.  EXCEPTIONS 

a.  No  permit  shall  be  required  from 
any  city,  county,  municipality,  district  or 
other  political  subdivision. 

b.  No  permit  shall  be  required  for* 
building,  erection,  alteration  or  replacement 
costing  less  than  $300.00,  except  combustion 
equipment  as  noted  in  Rule  11  (c). 

c.  No  permit  is  required  on  combustion 
equipment  having  a  combustion  volume  of  less 
than  15  cubic  feet  measured  above  the  grates 


•> 

_  California  Health  and  Safety  Code,  Division  20, 
Chapter  2. 

I 


and  not  including  stacks  or  flues.  All  other 
combustion  equipment  will  require  an  authority 
to  construct  and  a  permit  to  operate. 

RULE  12.  TRANSFER  OF  PERMITS 

Permits  shall  not  be  transferable. 

RULE  20.  STANDARDS  FOR 

GRANTING  PERMITS 

No  application  shall  be  approved  or  per¬ 
mit  granted  unless  it  is  shown  that  every  article, 
machine,  equipment  or  other  contrivance  the 
use  of  which  may  cause  the  issuance  of  air  con¬ 
taminants,  is  so  designed  or  controlled,  or 
equipped  with  such  air  pollution  control  equip¬ 
ment,  that  with  proper  supervision  and  use  it 
may  be  expected  to  operate  without  emitting 
air  contaminants  in  violation  of  Sections  24242 
or  24243,  Health  and  Safety  Code  or  of  the  Rules 
and  Regulations  of  the  Air  Pollution  Control 
District.^ 

RULE  21.  CONDITIONING  APPROVAL 

The  Air  Pollution  Control  Officer'may 
approve  an  application  subject  to  conditions 
which  will  bring  it  within  the  standards  of  Rule 
20,  in  which  case  the  conditions  shall  be  speci¬ 
fied  in  writing.  Commencing  work  under  such 
a  permit  shall  be  deemed  acceptance  of  all  the 
conditions  so  specified. 

In  Los  Angeles  County,  as  we  have  seen,  an 
Air  Pollution  Control  District  has  been  created. 
Its  Rules  and  Regulations  implement  the  enabling 
act  and  add  other  specific  limitations  on  emis¬ 
sions  as  follows:  — 

2 - : — 

—The  Air  Pollution  Control  Officer  may  request 
and  must  be  given  information  by  the  applicant 
which  the  officer  deems  is  necessary  to  have 
in  granting  a  permit  for  either  construction  or 
operation.  See  California  Health  and  Safety 
Code,  Division  20,  Chapter  2,  Section  24269. 

A  permit  already  granted  may  be  suspended 
by  the  Air  Pollution  Control  Officer  if  the 
permittee  fails  to  give  requested  information. 
But  a  permit  may  only  be  revoked  upon  appli¬ 
cation  by  the  Officer  to  The  Hearing  Board. 
This  Board  may  grant  the  application  or  grant 
a  "variance"  to  the  establishment  or  such  other 
relief  from  the  general  limits  of  the  law  as 
the  facts  warrant.  Further  appeal  lies  to  the 
courts. 

■^upra,  note  4,  Regulation  IV.  This  regulation 
has  been  upheld  as  a  constitutionally  proper 
exercise  of  police  power  by  the  Appellate 
Department  of  the  Superior  Court,  County  of 
Los  Angeles,  State  of  California  in  People 
vs.  International  Steel  Corporation,  Superior 
Court  No.  CR  A2654,  printed  in  Los  Angeles 
Daily  Journal,  January  27,  1951,  p.  1. 
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RULE  50.  RINGLEMANN  CHART  - 

A  person  shall  not  discharge  into  the 
atmosphere  from  any  single  source  of  emission 
whatsoever  any  air  contaminant  for  a  period  or 
periods  aggregating  more  than  three  minutes 
in  any  one  hour  which  is: 

a.  As  dark  or  darker  in  shade  as  that 
designated  as  No.  2  on  the  Ringlemann  Chart, 
as  published  by  the  United  States  Bureau  of 
Mines,  or 

b.  Of  such  opacity  as  to  obscure  an 
observer's  view  to  a  degree  equal  to  or  greater 
than  does  smoke  described  in  subsection  (a) 

of  this  Rule. 

RULE  51.  NUISANCE 

A  person  shall  not  discharge  from  any 
source  whatsoever  such  quantities  of  air  con¬ 
taminants  or  other  material  which  cause  injury, 
detriment,  nuisance  or  annoyance  to  any  con¬ 
siderable  number  of  persons  or  to  the  public  or 
which  endanger  the  comfort,  repose,  health  or 
safety  of  any  such  persons  or  the  Public  or  which 
cause  or  have  a  natural  tendency  to  cause  injury 
or  damage  to  business  or  property. 

RULE  52.  PARTICULATE  MATTER 

Except  as  otherwise  provided  in  Rules 
53  and  54,  a  person  shall  not  discharge  into  the 
atmosphere  from  any  source  particulate  matter 
in  excess  of  0.  4  grains  per  cubic  foot. 

RULE  53.  SPECIFIC  CONTAMINANTS 

A  person  shall  not  discharge  into  the 
atmosphere  any  one  or  more  of  the  following 
cohtaminants ,  in  any  state,  or  combination 
thereof  exceeding  in  concentration  at  the  point 
of  discharge: 

Sulphur  Compounds  (calculated  as 

SO2)  0.2  percent  by  volume. 

Solid  Products  of  Combustion  0.4 

grains  per  cubic  foot  of  gas  calcu¬ 
lated  to  12  percent  of  carbon  dioxide. 

(CO2). 

RULE  54. 

A  person  shall  not  discharge  into  the 
atmosphere  dusts  or  fumes  in  excess  of  estab¬ 
lished  amounts  which  are  based  upon  the  process 
weight  per  hour.Z 

—This  standard  is  the  only  one  specifically  set 
out  in  the  air  pollution  control  statute. 
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14.36 
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28.3 

3100 

5.18 

50000 

34.3 

3200 

5.27 

60000, 

or 

more 

40.0 

To  use  this  table  the  "process  weight"  per 
hour  must  be  ascertained.  This  is  defined  in 
Rule  2j,  Regulation  I,  Rules  and  Regulations 
of  Air  Pollution  Control  District,  as  "the  total 
weight  of  all  materials  introduced  into  any  spe¬ 
cific  process  which  process  may  cause  any  dis¬ 
charge  into  the  atmosphere.  Solid  fuels  charged 
will  be  considered  as  part  of  the  process  weight, 
but  liquid  and  gaseous  fuels  and  combustion  air 
will  not.  The  process  weight  per  hour  will  be 
derived  by  dividing  the  total  process  weight  by 
the  number  of  hours  in  one  complete  operation 
from  the  beginning  of  any  given  process  to  the 
completion  thereof,  excluding  any  time  during 
which  the  equipment  is  idle." 


—The  allowable  losses  are  set  out  in  the  above 
table  which  is  part  of  Rule  54,  Regulation 
IV,  Rules  and  Regulations* of  the  Air  Pollution 
Control  District. 
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Now,  when  considering  the  incineration  of 
wood  waste  in  this  area,  we  must  do  so  with 
all  of  the  above  restrictions  and  conditions  in 
mind.  This  naturally  makes  the  problem  more 
complicated  than  it  might  be  without  the  ex¬ 
pressed  California  policy  of  reducing  air  con¬ 
taminants  in  order  to  safeguard  life,  health, 
property,  and  the  public  welfare  and  to  make 
possible  the  comfortable  enjoyment  of  life 
and  property.  — 

We  have  merely  assumed,  up  to  now,  that 
the  incineration  of  wood  waste  contributes  to 
the  smog  of  Los  Angeles.  What  are  the  facts? 
In  a  total  pollution  survey  which  was  begun  in 
December,  1949,  the  Air  Pollution  Control 
District  has  compiled  information  regarding 
the  amount  of  pollution  emitted  by  all  known 
sources.—  To  date,  they  have  listed  Z8  cate¬ 
gories  of  industry: 


Emissions  as  of  April,  1948. 

Sources  Tons  per  day 

Industrial  and  municipal  incin- 


erators 

153 

Household  incinerators 

84 

Metals  industry 

44 

Minerals  and  earth  processing 

Food,  rendering,  fertilizer  and 

40 

paint  industries 

20 

Sulphur  dioxide  from  fuel  oil  burning 
Sulphur  dioxide  from  sources  other 

269 

than  fuel  burning 

400 

Chemical,  soap  and  rubber  plants 

Incomplete 

data 

Hydrocarbon  losses 

Incomplete 

data 

Industrial  gases 

Incomplete 

data 


Asphalt  paving  plants 
Asphalt  manufacturers 
Asphalt  roofing  manufacturers 
Coffee  roasting  operations 
Concrete  batch  plants 
Dumps 

Electric  steel  foundries 
Feed  and  flour  mills 
Fertilizer  plants 
Fish  reduction  plants 

Fish  canneries,  not  manufacturing  fish  meal 
Garbage -feeding  hog  ranches 
Glass  and  frit  manufacturers 
Gray-iron  foundries 

Meat  rendering  operations  (other  than 
slaughter  houses) 

Melting  and  refining  operations 
Mineral  processes 
Non-ferrous  foundries 

Nuts,  vegetable  and  animal  oil  processes 

Oil  refineries 

Open-hearth  steel  furnaces 

Paint  spraying  operations 

Paint  and  varnish  manufacturers 

Rock  crushing  operations 

Slaughtering  houses  (no  rendering) 

Soap  detergent  and  chemical  plants 
Steam  electric  plants 

Meat  rendering  operations  (in  slaughter  houses) 

These  categories  have  been  grouped  for 
clarity  in  the  following  manner: 


■^California  Health  and  Safety  Code,  Division 
20,  Chapter  2,  Section  242^9.  But  a  pollution 
control  program  should  not  destroy  the  huge 
investment  in  industry  which  supports  the 
economy  of  the  area. 

•2-The  study  is  not  yet  complete.  It  is  not  yet 
known,  for  example,  what  the  hydrocarbon 
losses  are  or  what  the  industrial  gas  loss  is. 


Obviously,  a  substantial  amount  of  air  con¬ 
taminants  originates  in  waste  burning  of  all 
types.  But  what  part  of  the  amount  which  goes 
into  the  atmosphere  remains  there  to  mix  with 
other  substances  to  form  "smog"? 

Exhaustive  studies  by  the  Los  Angeles  County 
Air  Pollution  Control  District  reveal  the  follow¬ 
ing  data  on  particle  size  of  emissions  from  a 
wood  burning  incinerator  (silo-type):  li_ 


Size  of  Particles 

Percent  of  total 

Emitted 

Emissions 

0-5  microns 

15.7 

5-10  microns 

20.3 

10-20  microns 

21.9 

20-44  microns 

25.7 

44  microns  and  over 

16.4 

Particles  smaller  than  ten  microns  are  not 
visible  to  the  unaided  eye  and  their  rate  of  set¬ 
tling  is  so  slow  that  they  remain  in  the  air  for 
days.  No  less,  therefore,  than  36  percent  of 
the  emissions  remain  in  the  atmosphere  a  con¬ 
siderable  length  of  time,  while  the  particles  in 
the  "twilight  zone"  of  10-20  microns  also  pro¬ 
bably  remain  in  the  atmosphere  no  little  time, 

■^Los  Angeles  Air  Pollution  Control  District, 
Annual  Report,  1949-1950,  page  11. 

■^i-Supra,  note  10,  p.  32. 
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making  the  final  total  of  emissions  remaining 
to  do  harm  quite  large.  — 

Other  tests  show  that  for  each  ton  of  wood 
material  burned,  an  average  of  20  pounds  is 
lost  to  the  atmosphere.  In  addition  to  this 
particulate  matter,  other  products  of  the  com¬ 
bustion  of  wood  in  incinerators  are  aldehydes, 
ketones  and  acids.  But  we  do  not  need  the 
chemist  or  engineer  to  tell  us  that  one's  eyes 
will  burn  and  smart  when  he  stands  in  the  path 
of  smoke  from  a  smoldering  or  partially  burn¬ 
ing  pile  of  wood  waste  1 

If  the  wood  waste  is  a  factor  in  the  total  smog 
problem,  what  are  the  alternatives  to  burning 
as  a  means  of  disposal  of  wood  waste  ? 

1.  Wood  waste,  such  as  shavings,  sawdust 
and  scraps  could  conceivably  be  carted  away 
to  a  cut,  fill  and  cover  dump.  From  the  stand¬ 
point  only  of  reducing  air  pollution  this  would 
be  an  ideal  solution,  since  burial  is  not  burning. 

But  there  are  numerous  disadvantages.  First, 
the  tonnage  is  so  great  that  cut  and  cover  dump 
sites  would  soon  be  exhausted.  Second,  reliable 
transportation  of  the  waste  to  such  dumps  is 
not  available.  Failure  to  remove  the  wood  waste 
produced  in  some  plants  in  a  few  hours  could 
cripple  production. 

2.  Utilization  of  the  wood  waste  as  fuel  might 
be  deemed  an  obvious  course  of  action.  This 
is  the  only  area  in  the  country  where  the  mil¬ 
lions  of  BTUs  available  from  wood  waste  are 


^The  Los  Angeles  County  Air  Pollution  Control 
District  notes' much  improvement,  neverthe¬ 
less.  Thirty-five  percent  of  the  particulate 
matter  which  formerly  went  into  the  air  is 
being  collected  at  the  source.  From  over 
40,000  inspections  and  tests  the  District 
knows  exactly  what  the  various  control  equip¬ 
ment  is  collecting.  The  Annual  Report,  above 
cited,  points  out  that  the  industrial  and  muni¬ 
cipal  incineration  group  has  shown  a  50  per¬ 
cent  improvement,  the  household  incinerators 
17  percent,  the  metal  industry  22  percent, 
the  food,  rendering,  fertilizer  and  paint  in¬ 
dustries  32  percent,  and  the  minerals  and 
earth  processors  27  percent.  The  most 
sizable  gain  has  been  made  in  reducing  sul¬ 
phur  dioxide  from  chemical  and  refining  pro¬ 
cesses  by  77  percent.  But  no  improvement 
has  been  made  in  reducing  sulphur  dioxide 
arising  from  the  burning  of  fuel  oil.  See 
table  on  p.  11.  (Data  as  of  June  30,  1950). 


utilized.  However,  wood  waste  is  not  used 
for  fuel  because  there  are  no  facilities  available 
to  harness  this  great  release  of  heat.  These 
facilities  have  not  been  created  simply  because 
there  has  been  no  need  for  this  heat. 

There  are  sufficient  quantities  of  low  cost 
fuel  oil  for  the  small  need.  Furthermore,  the 
users  of  the  heat  are  so  wide-spread  in  point 
of  plant  location  in  the  area  that  central  heating 
systems  are  not  economically  feasible.  And, 
the  producers  of  the  wood  waste  are  so  scattered 
about  that  collection  of  the  waste  to  a  central 
place  is  a  difficult- -although  probably  not  in- 
solvable — matter . 

3.  The  reduction  of  wood  waste  produced 
would  seem  to  have  tremendous  potentialities. 
Users  of  lumber,  by  more  careful  design  or 
the  use  of  dimension  cut  stock,  may  reduce  the 
amounts  of  blocks,  sawdust,  scrap  and  so  on 
produced  when  using  rough  lumber.^  Two 
limitations  suggest  themselves  on  the  surface, 
however:  first,  the  increased  individual  plant 
cost  of  using  either  more  adequate  design  or 
dimension  cut  stock,  and,  secondly,  the  greatest 
part  of  the  wood  waste  is  not  made  by  the  lum¬ 
ber  users,  but  by  the  lumber  mills. 

4.  The  ideal  solution  would  be  to  use  the 
wood  waste  for  other  useful  products.  However, 
this  paper  is  not  concerned  with  the  reasons 

for  the  lack  of  success  of  finding  such  economic 
solutions  in  this  area.  The  sad  fact  remains 
that  it  is  cheaper  to  burn  wood  waste  than  to 
utilize  it. 

Failing  other  solutions  we  turn  now  to  the 
incineration  of  wood  waste  as  the  most  popular 
means  of  disposal  in  the  Los  Angeles  area. 

What  happens  chemically  when  our  wood 
waste  burns  ? 

Below  500°  F.  volatiles  are  distilled  off. 
Above  540°  F.  exothermic  reactions  take  place 
and  the  distillation  of  the  volatiles  continues 
with  the  evolution  of  about  six  percent  of  the 
total  available  heat.  Above  1100°  F.  volatile 
gases  are  ignited.  This  is  true  providing  the 
woods  are  not  too  wet,  since  the  evaporation 
of  moisture  absorbs  about  1,  000  BTU  per  pound 
of  moisture  present. 11. 


—Parrish,  Frank  T.  "Furniture  Design  from 
the  Standpoint  of  Lumber  Utilization,  "  Wood 
Products,  December  1950,  p.  17,  and  Jan- 
uary,  1951,  p.  17. 

14 

— ^Steiner,  K.  1946.  Fuels  and  Fuel  Burners. 
New  York.  p.  374. 
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With  the  exception  of  combustion  of  elemen¬ 
tary  carbon,  oxidation  reactions  occur  in  the 
gas  phase.  15.  The  combustion  mechanism  is 
that  of  rapid  chain  reaction.  Chain  reactions 
in  the  combustion  of  fuels  are  vastly  complicated. 
The  type  and  predominance  of  the  various  chain 
steps  depend  to  some  extent  upon  the  type  of 
fuel  but  since  the  essential  chemical  ingredients 
of  all  fuels  are  carbon  and  hydrogen,  the  process 
of  burning  is  controlled  more  by  external  factors 
such  as  concentrations,  temperature  and  the 
manner  of  mixing  of  the  primary  or  secondary 
air  supply,  than  by  the  difference  of  composi¬ 
tion  and  other  characteristics  of  the  fuel.  Be¬ 
cause  of  their  complexity,  neither  qualitative 
nor  quantitative  knowledge  of  chain  reactions 
in  combustion  is  complete. 

At  the  temperature  of  combustion,  hydro¬ 
carbons  rapidly  dissociate  into  free  hydrocarbon 
radicals.  These  hydrocarbon  radicals  are 
liable  to  oxygen  attack  and  highly  reactive,  un¬ 
stable  oxygenated  compounds  or  radicals  are 
formed  which  have  only  transitory  lives.  Never¬ 
theless,  it  is  now  generally  accepted  that  only 
through  successions  of  these  active  radicals 
are  the  carbon  and  hydrogen  of  fuels  converted 
by  complete  combustion  into  carbon  dioxide 
and  water.  Aldehydes,  although  likewise  of 
transitory  existence,  are  essential  links  in  the 
combustion  process. 

Combustion,  it  is  mnemonically  stated,  de¬ 
pends  upon  the  "three  Ts":  temperature,  time 
and  turbulence.  These  are  all  vital  factors  in 
efficient  combustion.  There  must  be  sufficient 
time  to  ignite  and  burn  the  fuel  completely;  the 
temperature  must  be  high  enough  to  ignite  and 
burn  the  fuel  properly;  and  in  order  to  burn  the 
fuel  completely,  there  must  be  sufficient  tur¬ 
bulence  in  the  furnace  to  insure  thorough  mix¬ 
ture  of  the  gases  or  some  will  escape  without 
being  burned.  15 

When  these  factors  are  in  perfect  relationship 
to  each  other,  we  should  have  smokeless  burn- 
ing--because  we  should  have  perfect  and  com¬ 
plete  combustion.  On  the  other  hand,  when  they 
are  not  in  harmonious  relationship  we  have  in¬ 
complete  combustion  which  causes  (1)  smoke, 
creating  a  nuisance  and  adding  to  the  smog; 

(2)  eye  irritants,  such  as  aldehydes,  alkyl- 
peroxides  and  other  organic  compounds;  and 


—  Griswold,  John.  1946.  Fuels,  Combustion 
and  Furnaces.  New  York.  p.  181. 

l^Adapted  from  Harrington,  Joseph.  1944, 
Practical  Suggestions  on  the  Elimination  of 
Fuel  Waste.  Reprinted  from  National  Engineer. 


(3)  particulate  matter  (such  as  fly-ash  and  soot) 
which  may  create  a  local  nuiseince.  Most  likely 
such  incomplete  combustion  will  result  in  vio¬ 
lations  of  air  pollution  control  laws. 

In  the  single  combustion  chamber  type  of 
incinerator  (commonly  referred  to  as  "silo- 
type"  or  "enclosed  bonfire")  which  is  almost 
characteristic  of  the  West  Coast,  we  have  no 
control,  really,  of  any  of  these  three  Ts.  We 
can  attempt  some  control  of  turbulence  by  the 
installation  of  air  blowers  or  air  ports.  But, 
since  the  other  two  elements  are  not  controlled, 
we  will  still  have  incomplete  combustion. 

As  a  matter  of  theoretical  consideration,  the 
single  combustion  chamber  could  be  made  to 
work  under  a  system  of  careful  feed  and  control. 
But  it  is  not  economical  to  do  so  in  the  small 
plant  where  we  have  erratic  feed  in  type  and 
amount  and  where  we  have  only  superficial 
attention  paid  to  the  burning  operation.  The 
reason  for  the  existence  of  this  type  of  incinera¬ 
tor  at  all  is  because  it  costs  relatively  little  to 
build  and  the  construction  is  simple.  (See  Fig.  2) 

But  the  advent  of  strict  laws  has  condemned 
the  silo-type  incinerator  to  oblivion  here;  for 
the  Los  Angeles  County  Air  Pollution  Control 
District  will  not  grant  any  new  permits  to  build 
or  use  such  incinerators.  An  attempt  has  been 
made,  by  devising  rules  of  operating  procedures, 
to  use  such  incinerators  as  were  in  existence 
prior  to  Feburary,  1948. 

The  authors  of  this  paper  have  published  stand¬ 
ards  of  operating  procedures  for  silo-type  incin¬ 
erators.  The  following  fundamental  principles 
behind  these  "hints"  are  simply  to  maximize  the 
conditions  tending  towards  complete  combustion: 

1.  The  California  Health  and  SeJety  Code  pro 
hibits  emissions  of  dense  smoke  for  more  than 

3  minutes  in  any  one  hour.  There  are  also  strict 
limitations  on  emissions  of  particulate  matter 
and  of  fumes  and  gases.  Any  person  who  violates 
the  State  Law  or  a  Rule  or  Regulation  of  the  Air 
Pollution  Control  District  is  guilty  of  a  mis¬ 
demeanor.  This  includes  both  the  owner  of  the 
incinerator  and  the  immediate  operator. 

2.  Basically,  as  high  a  temperature  as  pos¬ 
sible  must  be  maintained  at  all  times  to  insure 
complete  combustion.  This  temperature  should 
be  at  least  1200°  F. 

3.  Do  not  use  the  incinerator  until  enough 
waste  material  has  been  accumulated  to  warrant 
its  use.  This  may  mean  burning  the  scrap  or 
waste  material  some  time  aifter  starting  up  the 
plant  or  it  may  mean  burning  it  only  on  alter¬ 
nate  days. 
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4.  Incinerators  are  designed  for  a  given 
quantity  of  combustibles.  Should  this  quantity 
vary  greatly,  either  black,  white  or  brown 
smoke  will  result. 

5.  Generally  speaking,  when  black  smoke  is 
emitted,  there  is  insufficient  air  getting  into  the 
incinerator.  If  white  or  brown  smoke  is  emit¬ 
ted,  there  is  too  much  air.  (Too  much  air  has 
the  effect  of  cooling  down  the  fire  below  the 
temperature  required  for  complete  combustion). 

6.  Should  the  conditions  in  the  plant  change, 
corresponding  adjustments  to  the  incinerator 
should  be  made  immediately.  These  changes 
usually  mean  adjusting  the  quantity  of  air  getting 
into  the  incinerator  or  throwing  in  additional 
scrap  wood  to  help  increase  the  temperature. 

7.  There  are  three  ways,  at  least,  in  which 
air  can  get  into  the  incinerator; 

(a)  Through  the  charging  door, 

(b)  Through  the  blower  system, 

(c)  Through  the  air  ports  around  the 
circumference  of  the  incinerator, 

8.  When  the  charging  door  is  closed,  and  the 
incinerator  is  still  emitting  white  or  brown  smoke 
one  of  three  things  must  be  done  immediately; 

(a)  Regulate  the  amount  of  air  entering 
through  the  air  ports, 

(b)  Increase  the  amount  of  material 
going  into  the  incinerator, 

(c)  Or  both. 

9.  Keep  the  charging  door  closed  as  much 
as  possible  when  the  blower  system  is  on. 

Keeping  the  charging  door  open  when  the  blower 
system  is  on  increases  the  speed  with  which  the 
sawdust  will  leave  the  incinerator  through  the 
top  of  the  screen.  This  will  result  in  a  heavy 
discharge  of  fly  ash  and  a  possible  nuisance. 

It  will  also  cool  the  fire  quite  rapidly  to  the 
point  where  smoke  will  appear. 

10.  Use  scrap  lumber  to  good  advantage  es¬ 
pecially  during  such  periods  as  the  lunch  hour, 
the  time  prior  to  the  starting  up  of  the  incinera¬ 
tor  and  any  other  times  in  which  the  flow  of 
material  from  the  machines  is  at  a  low  ebb. 

11.  Should  the  practice  of  accumulating  the 
material  in  the  incinerator  be  followed,  extreme 
caution  should  be  taken  to  insure  that  there  are 
no  smoldering  embers  remaining.  If  there  are, 
the  embers  and  ashes  should  be  scraped  out  of 
the  incinerator  or  removed  by  some  other  means. 
Care  should  be  exercised  to  prevent  the  material 
from  piling  up  higher  than  one  (1)  foot  below  dis¬ 
charge  vent  into  the  incinerator. 


12.  Do  not  burn  so  much  material  at  one 
time  that  the  flames  reach  the  screen  of  the 
incinerator. 

13.  It  is  entirely  possible  to  burn  such 
materials  as  oily  rags  and  material  containing 
paints  and  lacquers  providing  these  items 

are  thrown  into  the  incinerator  in  very  small 
quantities  and  only  when  extremely  high  temp¬ 
eratures  exist. 

14.  The  incinerator,  even  though  there  are 
no  moving  parts,  should  be  kept  in  good  repair. 
This  includes  plugging  all  leaks  in  the  blower 
system,  plugging  the  leaks  at  the  point  where 
the  material  enters  the  incinerator,  maintain¬ 
ing  the  devices  for  regulating  the  amount  of 
air  entering  through  the  air  ports,  insuring 
close  fit  for  the  charging  door,  cleaning  out 
the  accumulated  ash  regularly,  keeping  the 
fire  brick  in  good  repair  and  maintaining  a 
clean  and  whole  screen  on  top  of  the  incinerator. 

15.  Few  of  these  rules  of  good  operation 
of  incinerators  will  operate  automatically. 

Close  surveillance  must  be  kept  on  the  burn¬ 
ing  operation  and  action  must  be  taken  quickly 
when  a  violation  is  discovered.  Nor  will  the 
rules  here  given  take  care  of  an  incinerator 
which  is  not  in  good  repair  nor  will  they  tcike 
care  of  an  incinerator  which  is  not  designed 
for  the  purpose  for  which  it  is  used;  but  they 
will,  if  applied  conscientiously,  facilitate  the 
use  of  the  incinerator  with  a  minimum  of  dif¬ 
ficulty. 

Since  the  silo-type  incinerator  is  so  difficult 
to  control,  designers  have  turned  to  multiple 
chamber  incinerators  as  a  solution.  By  virtue 
of  its  construction,  this  type  of  incinerator 
will  overcome  several  of  the  difficulties  of  the 
single  chamber.  For  example,  the  immediate 
escape  of  hot  gases  is  retarded  more  easily 
when  there  is  more  than  one  chamber.  (See 
Fig.  3) 

Multiple  chambered  incinerators  usually 
consist  of  a  furnace,  a  mixing  chamber  and 
a  combustion  chamber.  Certain  principles 
of  incinerator  design  may  be  deduced; 

1.  All  incinerators  shall  be  provided  with 
a  furnace  and  a  combustion  chamber. 

We  have  already  seen  that  maintenance  of 
adequate  temperatures  is  an  important  require¬ 
ment  to  smokeless  burning.  In  the  multiple 
chamber  incinerator,  proper  temperatures 
are  easier  to  maintain  because  retaining  and 
bridge  walls  become  hot  refractory  surfaces 
which  receive  heat  from  the  flame  and  transmit 
it  to  the  colder  portions  of  the  burning  mixture, 
thus  increasing  the  rates  of  ignition  and  com¬ 
bustion. 
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'  At  proper  temperatures,  unburned  gases 
have  a  chance  to  burn  when  mixed  with  the 
proper  amount  of  air  in  the  second  chamber. 

2.  Provision  must  be  made  for  the  admis¬ 
sion  of  air  to  the  primary  combustion  chamber 
in  such  a  manner  as  to  initiate  and  facilitate 
proper  combustion.  Too  little  or  too  much  air 
will  result  in  smoke.  The  degree  of  combustion 
obtained  must  be  such  as  to  complete  the  com¬ 
bustion  of  the  fixed  carbon  for  any  given  fuel. 

3.  Provision  must  be  made  for  the  admission 
of  air  into  the  second  combustion  chamber  to 
assure  smokeless  burning. 

4.  The  velocity  of  the  flue  gases  at  the  point 
of  entrance  into  the  secondary  combustion  cham¬ 
ber  must  be  high  enough  to  create  a  pressure 
adequate  to  insure  the  introduction  of  secondary 
air,  and  to  create  sufficient  turbulence  to  in¬ 
sure  proper  mixing  of  the  volatile  gases  with 
the  secondary  air. 

5.  Primary  and  secondary  air  ports  should 
be  equipped  with  adjustable  controls  to  enable 
proper  quantities  of  air  to  be  supplied  for  each 
chamber  for  all  possible  firing  conditions. 

6.  Sufficient  draft  must  be  provided  by 
either  natural  or  artificial  means  to  insure 
adequate  quantities  of  air  intake  for  all  possible 
firing  conditions. 

7.  The  minimum  gas  temperature  for  both 
combustion  chambers  should  be  at  least  1200° 

F.  if  we  are  to  assure  complete  combustion 

of  all  volatiles.  Of  course,  the  required  temp¬ 
erature  will  depend  somewhat  on  the  type  of 
material  being  burned.  Auxiliary  fuels,  such 
as  gas  and  oil,  may  be  needed  to  give  more 
adequate  control  of  the  temperature,  but  oil 
is  undesirable  since  this  adds  another  potential 
source  of  smoke. 

8.  The  velocity  of  the  gases  in  the  secondary 
combustion  chamber  should  be  such  as  to  allow 
sufficient  time  for  settling  of  particulate  matter. 
Turbulence,  it  follows  from  the  design,  is 
easier  to  maintain  in  the  multiple  chamber  in¬ 
cinerator.  A  bridge  wall  will  force  the  air  to 
change  direction.  Secondary  air,  if  introduced 
at  this  point,  will  give  a  turbulent  effect  and 

the  added  oxygen  will  serve  to  complete  the 
combustion.  The  abrupt  change  in  the  direction 
of  the  gases  caused  by  the  several  chambers 
will  assist  greatly  in  settling  out  the  particulate 
matter  as  required  by  principal  8  above. 

Some  mechanical  devices  are  available  for 
use  with  all  incinerators.  Thus  turbulence  may 
be  maintained  by  using  a  mechanical  blower. 

Fly  ash  nuisance  may  be  attacked  by  the  use  of 


a  water  spray  or  filter.  These  add,  of  course, 
to  the  cost  of  construction  of  the  incinerator. 

Mechanical  smoke  indicators,  by  themselves, 
do  not  solve  the  problem  of  incomplete  com¬ 
bustion.  They  serve  only  to  act  as  a  warning 
that  smoke  may  be  too  dense.  A  smoke  indi¬ 
cator  is  certainly  of  little  value  when  the  stack 
is  in  the  open,  for  the  emissions  from  the  stack 
should  be  visible  to  those  responsible  for  its 
effective  and  efficient  operation.  When  an 
electric  eye  is  used,  care  must  be  taken  to 
keep  the  instrument  clean.  An  air  jet  will  do 
this.  Indicators  are  of  some  value  where  the 
heat  is  being  utilized,  however,  and  in  that 
case  they  can  save  money.  It  should  be  evident 
that  it  is  more  desirable  and  simpler  to  prevent 
smoke  than  it  is  to  collect  or  treat  it. 

Although  design  is  vitally  important  for  the 
proper  functioning  of  an  incinerator,  operating 
technique  is  perhaps  even  more  important.  No 
incinerator  will  work  properly  with  improper 
operating  procedures.  For  that  matter,  neither 
will  a  boiler  operate  correctly,  if  improperly 
handled. 

There  is  an  inclination,  on  the  part  of  the 
user  of  the  incinerator,  because  he  earns  nothin;! 
from  the  destruction  of  waste  wood,  to  slough 
off  the  operation  of  his  incinerator  on  an  un¬ 
skilled  worker.  But  it  is  clear,  as  a  result  of 
existing  legislation  and  present  administration, 
that  the  task  of  incineration  must  be  taken  more 
seriously.  The  operating  rules  cited  certainly 
offer  a  starting  place  in  the  education  of  manage¬ 
ment  and  employees  towards  cleaner  and  more 
efficient  incinerator  operation. 

Good  operation,  too,  will  usually  take  care 
of  such  troublesome  matters  as  sander  dust 
and  oily  rags,  Sander  dust  is  a  problem  fre¬ 
quently  encountered  in  the  burning  of  wood  waste. 
In  the  single  chamber  or  silo-type  incinerator, 
because  we  have  so  little  control  over  time  of 
exposure  and  air,  the  dust  may  go  out  the  stack 
before  it  burns.  But  the  multiple  chamber  by 
its  nature  overcomes  this  difficulty.  As  for 
the  "silo,"  there  is  probably  no  more  effective 
solution  than  feeding  the  sander  dust  in  with 
all  other  waste  to  be  sure  that  it  has  a  chance 
to  be  mixed  with  the  waste  and  remain  in  the 
incinerator  until  it  is  completely  burned.  (We 
are  not  concerned  here  with  sander  dust  which  ■ 
is  so  fine  that  it  escapes  from  the  cyclone  before 
it  gets  to  the  incinerator.) 

In  this  connection,  it  is  well  to  consider  pro¬ 
viding  a  system  of  uniform  feed  for  the  incinera¬ 
tor.  (See  Figs.  4  and  5)  This  will  help  com¬ 
bustion,  too.  A  method  which  may  be  used  is 
to  provide  a  storage  bin  for  the  waste  and  to 
allow  the  waste  to  be  fed  into  the  incinerator  by 
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use  of  a  conveyor  belt  or  screw  conveyor.  This 
system  can  be  used  with  single  or  multiple  types 
of  incinerators. 

Burning  of  oily  rags  is  merely  a  matter  of 
temperature.  When  the  fire  is  hot  enough,  the 
rags  may  then  be  introduced  and  burned  smoke¬ 
lessly. 

Users  of  incinerator  equipment  in  the  Los' 
Angeles  area  have  been  forced  to  examine  that 
equipment  in  the  light  of  considerations  other 
than  merely  the  getting  rid  of  troublesome  waste. 
Law  and  regulation  require  that  careful  attention 
be  given  to  burning  or  otherwise  disposing  of 
waste  in  a  way  which  is  not  harmful  to  the  com¬ 
munity.  Consequently,  a  duty  has  been  thrown 
upon  the  manufacturers  of  incinerators  to  fill 
a  definite  need.  We  may  indicate  in  a  general 
way  what  events  should  take  place  to  help  solve 
the  problems  which  have  been  created. 

In  the  first  place,  it  is  clear  that  designers 
and  manufacturers  of  incineration  equipment 
will  have  to  acquire  more  data  about  burning 
of  wood  waste.  Many  incinerators  are  designed 
from  data  taken  from  coal  burning  boilers  but 
experience  has  shown  that  such  data  cannot  be 
used  indiscriminately.  We  must  know  how  much 
air  is  needed  for  complete  combustion,  where 
it  should  be  introduced,  the  rate  of  air  flow 
through  the  incinerator,  as  well  as  the  optimum 
amount  of  refuse  per  square  foot  of  grate  area 
and  proper  temperatures.  The  degree  of  uti¬ 
lization  of  combustion  space  must  be  considered, 
too.  Definite  values  for  the  amount  of  space 
which  is  required  for  combustion  are  hard  to 
find  in  the  literature  because  of  the  large  num¬ 
ber  of  variables  which  obscure  the  effect  of 
each  individual  variable. 

Secondly,  incinerator  operators  must  take 
seriously  the  task  of  learning  what  makes  the 
incinerator  "tick"  and  impress  upon  operating 
personnel  that  there  are  ways  in  which  they 
can  make  the  incinerator  burn  in  compliance 
with  the  law. 

Thirdly,  we  must  continue  to  seek  ways  of 
utilizing  the  wood  waste  which  is  produced. 

This  is  not  the  place  to  go  into  that  subject, 
for  the  literature  on  this  matter  is  already 
o  ve  r  whe  Iming . 

Finally,  ways  must  be  found  to  cut  down  on 
the  amount  of  wood  waste  produced.  It  seems 
fantastic  that  the  amount  of  wood  waste  we  have 
mentioned  at  the  outset  should  go  up  in  flame 
and  smoke,  in  just  one  area  of  this  country. 

The  wood  processor  must  pay  for  the  lumber 
which  dissipates  itself  as  waste,  he  must  pay 
transportation  charges  for  hauling  it  to  his  mill. 


he  must  spend  money  in  ways  to  produce  the 
wood  waste  and  he  has  to  pay  again  for  its 
disposal. 

From  the  point  of  view  of  national  conser¬ 
vation,  then,  as  well  as  from  the  point  of  view 
of  the  individual,  economic  operation,  intensive 
study  and  effort  must  be  spend'  in  seeking  me¬ 
thods  of  operation  which  will  utilize  our  lumber 
supply  more  effectively  and  with  much  less  waste. 
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Wood  Waste  and  Resin  Products, 
Their  Application  and  Physical  Properties 


HERMAN  MILLER,  Miller  Brothers  Company,  Los  Angeles,  Calif. 


The  idea  of  binding  together  sawdust  and 
other  wood  wastes  with  adhesives  to  make 
useful  products  is  not  new.  We  have  been  told 
that  the  Austrians  used  such  a  product  in  World 
War  I  for  gun  stocks  and  that  the  stocks  so 
made  were  superior  to  those  made  of  hardwood. 
We  know,  too,  that  for  many  years  work  has 
been  done  by  other  European  countries  to  ad¬ 
vance  the  art.  Our  own  country,  with  its  abun¬ 
dance  of  raw  materials,  has  been  a  little  slow 
to  explore  its  possibilities  until  recent  years. 
Now,  with  the  development  of  new  resins  and 
the  high  costs  of  familiar  materials  of  all  types 
as  an  incentive,  wood-waste-and-resin  products 
have  passed  from  the  laboratory  to  the  produc¬ 
tion  line.  At  the  present  time  wood-waste-and- 
resin  is  used  commercially  to  make  a  variety 
of  items  including:  hard  board,  core  for  ply¬ 
wood,  door  panels,  croquet  balls,  fishing  tackle 
trays,  lazy  susans,  toilet  seats  and  covers, 
chair  backs,  ladies  show  heels,  picture  freimes, 
caskets  and  other  items  heretofore  made  of 
wood  and/or  plastic.  In  some  cases  it  has 
replaced  metal  (fishing  tackle  trays).  It  is  a 
growing  industry  just  barely  tapping  the  supply 
of  available  wood  waste. 

GENERAL  DESCRIPTION 

This  product  is  a  compromise  between  wood 
and  plastic.  It  is  formed  by  placing  the  wood- 
waste-and-resin  mix  into  a  heated  cavity  die 
and  compressing  this  mix  to  the  finished  shape 
using  a  heated  punch  die  made  to  fairly  close 
tolerances.  After  a  suitable  cure  time  the  press 
is  opened  and  the  piece  removed.  The  product 
looks  more  like  plastic  as  the  percent  resin 
increases  and  finer  wood  waste  particles  are 
used.  It  acts  and  looks  more  like  wood  as  the 
resin  percent  decreases  and  coarser  wood  waste 
particles  are  used.  For  a  very  low  cost  pro¬ 
duct  that  can  be  nailed  and  sawed,  and  in  ap¬ 
pearance  is  between  Canec  and  Masonite,  a 
mixture  of  Z  percent  resin  and  wood  waste  chips 
is  satisfactory.  For  a  molded  product  that  looks 
and  acts  very  much  like  a  thermosetting  plastic, 
30  percent  resin  and  fine  wood  flour  (20  to  80 
mesh)  can  be  used.  Between  these  two  extremes 
of  resin  content  and  particle  size  there  is  a 
wide  variety  of  products  that  can  be  made. 

Wood  waste  is  not  the  only  extender  that  can 
be  used.  Other  ingredients  can  be  incorporated 
into  the  mix  to  give  it  increased  strength;  in¬ 
creased  resistance  to  water,  heat  and  shock 
loads;  or  to  make  it  fireproof,  or  to  add  to  its 


decorative  effect.  It  is  possible  to  overlay  the 
product  with  impregnated  paper,  wood  veneers, 
fiber  glass,  and  fabrics.  There  are  several 
resins  available  including  thermosetting  wet 
and  dry  phenolics ,  melamines,  ureas,  and 
some  thermoplastics  as  well.  Each  of  these 
has  its  particular  advantages.  The  problem  of 
what  to  use  and  how  to  use  it  has  to  be  decided 
by  the  molder  aifter  he  knows  what  physical 
properties  are  desired  and  what  his  cost  limit 
is. 

In  regard  to  physical  properties  we  can  say 
that  in  flexural,  compressive  and  impact  strength, 
specific  gravity,  and  moisture  absorption  the 
product  lies  between  wood  and  plastic--just 
where  depending  upon  ingredients  used  and  resin 
content.  In  physical  properties  wood-waste-and- 
resin  products  have  two  main  advantages  over 
wood;  (1)  uniformity  of  product  and  (2)  relative 
lack  of  grain  effects.  The  first  advantage  ob¬ 
tains  because  wood-waste-and-resin  products 
are  factory  made  whereas  wood  is  a  natural 
product  subject  to  the  vagaries  of  nature.  Thus 
wood  may  have  knots,  a  spiral  or  slanting  grain 
instead  of  a  uniform  grain,  a  great  variation 
in  moisture  content,  weak  areas  due  to  uneven 
growth  cycles  and  the  like.  These  cause  re¬ 
ductions  in  strength  and  also  are  the  cause  for 
such  undesirable  effects  as  warping,  swelling, 
splitting,  checking  and  cracking.  The  second 
advantage  obtains  because,  in  wood-waste-and- 
resin,  there  is  a  heterogeneous  positioning  of 
the  fibers  which  reduces  the  grain  effect  in  the 
product  as  compared  with  wood.  However,  the 
grain  effect  in  wood-waste-and-resin  products 
cannot  be  eliminated  because  the  fibers  also 
tend  to  orient  themselves  under  pressure. 

Wood-waste-and-resin  has  advantages  over 
plastic  in  lower  cost,  lower  specific  gravity, 
and  ability  to  hold  paint  well. 

APPLICATION 

There  are  two  general  classes  of  products 
which  may  be  made  with  wood-waste-and-resin: 
(1)  flat  building  board,  (2)  die  molded  shapes. 

As  a  building  board  it  must  compete  with  ply¬ 
wood  and  m.asonite,  two  well  established  pro¬ 
ducts  manufactured  in  highly  mechanized  plants. 
U.  S.  Gypsum's  "Duron"  is  the  best  known 
wood-waste-and-resin  hardboard  and  is  com¬ 
peting  with  Masonite.  A  large  plywood  plant 
is  now  in  the  process  of  setting  up  equipment  to 
make  wood-waste-and-resin  core  board  to  be 
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overlayed  and  sold  as  plywood.  Special  types 
of  board  such  as  those  with  paper  or  cloth 
decorative  overlays,  heat  resistant  overlays 
of  fiber  glass  or  hard  clear  plastic  overlays 
of  Melamine  offer  many  opportunities  for  a 
superior  product  at  lower  cost. 

Die  molded  shapes  offer  the  largest  variety 
of  products.  Here  wood-waste -and-resin  can 
be  made  into  a  finished  shape  with  a  smooth  sur¬ 
face  at  a  material  cost  usually  less  than  the 
cost  of  the  cheapest  rough  lumber  needed  to 
make  the  same  product  of  wood.  Besides  being 
a  cheaper  raw  material  than  wood  the  finished 
product  can  be  made  to  excel  in  almost  every 
important  physical  property. 

WOOD-WASTE-AND-RESIN 

VS.  WOOD 

The  following  table  shows  some  of  the  im¬ 
portant  physical  properties  of  the  materials 
under  discussion.  Note  that  the  tabulated  va¬ 
lues  for  common  structural  Douglas  fir  are 
reduced  in  the  cheaper  grades  by  such  factors 
as  large  knots,  uneven  grain,  moisture  content, 
variation  in  growth  cycles  and  the  like.  Also 
illustrated  by  this  table  is  the  serious  reduction 
in  compressive  strength  of  wood  when  the  direc¬ 
tion  of  the  grain  is  considered.  As  mentioned 
earlier,  wood-waste-and -resin  products  also 
vary  in  compressive  strength  depending  on 
direction  of  grain  but  the  table  shows  that  the 
minimum  value  for  wood -waste- and-resin  is 
nearly  as  high  as  the  maximum  for  wood  and 
that  the  variation  between  maximum  and  mini¬ 
mum  is  much  less  than  for  wood.  Also  note 


that  even  plywood,  which  is  generally  thought  to 
be  free  from  grain  effects,  shows  a  marked  dif¬ 
ference  in  strength  depending  on  direction  of  the 
grain  of  the  face  plies. 

When  totally  submerged  in  water,  wood-waste- 
and-resin  products  act  generally  like  wood,  i.  e. , 
they  absorb  water,  increase  very  little  in  length, 
gain  thickness  and  weight  but  the  big  difference 
is  that,  by  proper  formulation,  the  wood-waste- 
and-resin  products  can  be  held  to  a  moisture 
"pick-up"  of  less  than  5  percent  on  a  24  hour 
test  whereas  wood  will  pick  up  50  percent  or 
more  moisture. 

Wood-waste -and-resin  products,  generally 
speaking,  form  an  excellent  base  for  paints, 
including  baked  enamel.  By  proper  formulation 
they  can  be  molded  to  take  a  finish  without  any 
sanding,  sealing,  filling  or  undercoating.  This 
gives  them  a  great  advantage  over  wood  where 
an  enameled  finish  is  required. 

From  the  above  discussion  it  would  appear 
that  wood-waste -and-resin  products  are  superior 
to  wood  products  in  almost  all  respects.  This 
is  not  true  of  course,  where  wood  grain  effects 
are  desired  (except  where  shapes  are  simple 
and  wood  waste  can  be  overlayed  by  wood  veneer), 
where  weight  is  a  prime  consideration,  or  where 
the  familiar  appearance  of  wood  is  desired. 

From  a  final  cost  angle  wood-waste-and-resin 
generally  cannot  compete  with  wood  where  the 
finished  product  is  of  very  simple  shape,  i.  e.  , 
rough  lumber  or  building  boards.  Wood  also 
has  a  higher  resistance  to  impact  than  the  usual 
wood-waste-and-resin  product,  but  the  latter  can 


Material 


Properties 


Wood-Douglas  Fir 
Common  Structural 


Ultimate  Flexural 
Strength 

(Modulus  of  Rupture) 
_ P.S.I. _ 

6,800 


Ultimate  Compressive 
Streng.th  (Ultimate 
Crushing  Strength) 
_ P.S.I. 

-7-.  420 
-  910 


II.  Wood-Waste-and-Resin 
(Gen.  purpose  mix-- 
90  percent  wood  waste, 
30  mesh,  and  10  percent 
resin) 

III.  Plywood  -  1/4  inch 
Douglas  fir 


7,200 


3 

-8,  500 
-4,100 


-18,200 
-  5,500 


IV.  ,  Plastic -General 
purpose  Phenolic 


9,000 


25,000 


^Parallel  to  grain. 

^Perpendicular  to*  grain. 

—Face  plies  perpendicular  to  break. 
4 

■•■Face  plies  parallel  to  break. 
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be  improved  where  desired  by  the  addition  of 
reinforcing  fibers  to  the  mix. 

We  can  say,  then,  that  if  the  production 
volume  is  sufficient  and  if  the  piece  is  mold- 
able,  wood-waste-and-resin  can  be  used  in 
place  of  wood  where  the  wood  product: 

1.  Is  too  expensive  (raw  lumber  high,  fabri¬ 
cation  costs  high). 

2.  Is  deficient  in  certain  physical  properties. 

3.  Shrinks,  warps,  swells,  checks  too  much. 

4.  Grain  effect  on  physical  properties  is 
undesirable. 

5.  Kas  too  low  a  heat  resistance. 

6.  Won't  take  paint  readily  without  consider¬ 
able  surface  preparations. 

Wood-waste-and  resin  cannot  be  used  in  place 
of  wood  if: 

1.  A  specific  gravity  of  approximately  1.  0 
is  unacceptable. 

2.  The  product  must  look  exactly  like  wood. 

The  ideal  application  for  wood-waste-and- 
resin  would  be  where  none  of  the  above  disad¬ 
vantages  exist  and  all  of  the  advantages  apply. 
This  optimum  condition  probably  is  unlikely; 
however,  the  presence  of  only  one  of  the  ad¬ 
vantages  may  be  enough  to  indicate  the  use  of 
wood -waste  -and-r  esin. 

WOOD-WASTE-AND-RESIN 
VS.  PLASTIC 

./ood-waste-and-resin  products  can  also  be 
used  in  place  of  plastic  products.  Here  their 
main  advantage  is  lower  cost  and  weight.  A 
further  advantage  might  arise  if  and  when  plas¬ 
tic  becomes  a  critical  material,  difficult  to 
obtain.  Phenolic,  Urea  and  Melamine  molded 
products  have  a  specific  gravity  of  from  1.4  to 
1.5,  woods  will  range  from  0.4  to  0.6,  and 
wood-waste-and-resin  from  0.8  to  1.2.  Some 
plastics  won't  hold  paint  well  or  stand  the  high 
temperatures  necessary  to  bake  enamel.  If 
this  is  critical,  wood-waste-and-resin  may 
serve  well  as  a  substitute. 

The  increasing  strength  characteristics  which 
may  be  obtained  in  wood-waste-and-resin  by 
adding  more  resin  and  by  adding  reinforcing 
ingredients  can  also  be  obtained  in  plastics  by 
adding  these  reinforcing  ingredients  to  pure 
thermosetting  resins  (plastics).  Thus  wood- 
waste-and-resin  products  cannot  really  claim 


any  greater  strength  than  plastic  )}roducts. 
Generally  speedcing  as  wood-waste-and-resin 
approaches  plastic  in  strength,  its  cost  becomes 
comparable. 

PHYSICAL  PROPERTIES 

The  physical  properties  of  wood-waste-and- 
resin  products  vary  widely  depending  upon  the 
following  factors: 

1.  Type  and  percent  of  resin  used. 

2.  Type  and  particle  size  of  wood  waste  used. 

3.  Percent  moisture  at  time  of  pressing. 

4.  Pressure  used. 

5.  Overlays  used,  if  any. 

6.  Reinforcing  ingredients  used,  if  any. 

7.  Waterproofing  ingredients  used,  if  any. 

% 

8.  Cure  time  and  die  temperature. 

The  results  of  physical  tests,  on  wood-waste- 
and-resin  products  made  locally,  as  well  as  in 
other  parts  of  the  country,  are  summarized  in 
graphs  and  tables  in  the  Appendix.  These  tests 
show  that  extremely  high  compressive  strength 
is  obtainable  and  that  flexural  strength  as  good 
as,  or  better  than,  wood  is  easily  obtained. 

It  was  not  possible  to  test  extensively  the  effects 
of  overlays,  reinforcing  fibers,  etc.  ,  but  some 
data  on  this  are  included.  As  a  comparison, 
the  physical  properties  of  some  well-known 
materials  are  included  in  the  graphs.  Data  on 
heat  resistance,  electrical  resistance,  thermal 
conductivity  and  impact  resistance  are  not  in¬ 
cluded,  but  rough  testing  has  indicated  that 
these  properties  are  somewhere  between  wood 
and  plastic.  When  overlays  of  fiber  glass  are 
used  the  physical  properties  of  the  surface  layer 
can  be  considered  to  be  the  same  as  the  fiber 
glass  product  used. 

APPENDIX 

Nomenclature  Used  on  Graphs 

1.  Percent  resin  (solids)  as  a  percent  of 

total  weight  =  percent 

2.  Type  of  resin  used: 

a.  Liquid  phenolic  resin  =  Ph(W) 

b.  Powdered  phenolic  resin  =  Ph(D) 

3.  Grade  of  wood  flour  used  (Pine  and  Fir 
unless  otherwise  specified): 

a.  Screen  size  that  flour  will  pass 
through  -  Mesh 

b.  Description  of  wood  waste: 

i.  Course  shavings  -  CS 
ii.  Wood  chips  =  Chips 
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Pressure  exerted  on  piece  in  forming  = 
PSI 


b. 


6. 


Description  of  any  overlaying  or  special 
ingredients: 
a.  One  side  only 
Both  sides 
Fiberglass  cloth 
Fiberglass  matt 
Phenolic  impregnated  paper 
Phenolic  impregnated  cloth 
Melamine  impregnated  paper  =  Ml.  paper 
Direction  of  test  load  (compressive  tests 
only): 

a.  Parallel  to  grain  (in  same  direction 
as  pressed)  -  PI.  Gr. 

b.  Perpendicular  to  grain  (perpendicular 
to  direction  as  pressed)  =  J[_Gr. 


=  IS 
=  2S 
-  Fib.  gl.  cl. 

=  Fib.  gl.  Matt 
"  Ph.  paper 
=  Ph.  cloth  10% 


Person/or  Company  who  conducted  tests: 

Miller  Brothers  Co.,  Los  Angeles  =  (M) 
Monsanto  Chem.  Co.  (Mr.  Sears)  r  (S) 

Monsanto  Chem.  Co.  (Mr.  Brussard)  =  (B) 
Durex  Chem.  Co.  ,  New  York  =  (D) 

Oregon  State  College  (MacDonald)  -  (McD) 


Example: 
Ph(D)  -  30  Mesh 


500  PSI  -  Fib,  gl.  Matt  ZS  (M) 


A  product  consisting  of  ten  percent  dry  phe¬ 
nolic  resin  (10  percent  of  total  weight)  and 
wood  flour  that  will  all  pass  through  a  30 
mesh  screen.  500  PSI  exerted  on  the  piece 
during  forming,  overlayed  on  two  sides  with 
a  fiber  glass  matt.  Made  by  Miller  Brothers 
Co.  ,  Los  Angeles, 


COMPRESSIVE  STRENGTH 


PSI  PSI 

32000  .  WOODWASTE  &  RESIN  PRODUCTS  COMPARATIVE  P  RO  D  U  C  T  S  3  2  000 


30000 


28000 


26000 

24000 


10%  PhfDl-  20  Mesh  -  1500  PSI-Ph  Paper  2S  PI.  qr  (M) 


22000 


20000 


10%Ph  (D)-  70  Mesh  -  1500  PSI-  Pl.GR.  (M) 


30%Ph(D)  -  20  Mesh  -  1500  PST  -  PI  GR  fMl 
20‘^.Ph(Dl  -  30  Mesh  -  500  PSI  -  H.GR.  (M)_ 


Fiber  Glass  Sheets  70%  St. 


18000 

16000 


\0%  Ph  rPl  -  30  Mesh  -  1500  PSI  -  Pl.GR.  (M) 
Ph  mi  -  70  Mesh  -  500  PSI  -  PI.  GR.  (M) 


14000 

12000 


Phmi  -  20  Mesh  -  500  PSI  -  Pl.Gr.  (M) 

Ph  rPl  Chins  -  500  PSI  -  Pl.Gr.  (M) _  CMG  Molding  Powser  Pl.Gr. 


10000 

8000 


6000 


3(H4  PhfDl  -  20  Mesh  -  1500  PSI  LGR.  (Ml 


Oak  (Seasoned)  Pl.GR. 


10%  Ph  (Dl-  30  Mesh-  500  PSI-Gl.  Matt.  ZSiGr(M)P°^S^as  fir  (Seasoned)Pl.  GR^ 
10%  Ph  (D)-  30  Mesh-  50Q  PSi  -  LGR/M) _  White  pine  (geasoned)pL  Qfi. 


4000 


2000 

0 


Douglas  fir  (Green)  Pl.GR. 
White  Pine  (Green)  Pl.GR. 


Douglas  fir  (Seasoned)  _LGR. 
White  Pine  (Green)  J.GR. 


30000 

28000 


26000 

24000 


22000 

20000 


18000 

16000 


14000 

12000 


10  000 

8000 


6000 

4000 


2000 


PSI 
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Cost  and  Quality  Results, 
from  Use  of  a  Very  High  Feed-Speed  Moulder 

HOWARD  FINN,  Johnson-Carper  Furniture  Co.  ,  Roanoke,  Va. 


I  HAVE  BEEN  asked  to  present  a  short  paper 
on  high  feed-speed  moulders. 

These  high  feed-speed  moulders  or  matchers 
were  developed  on  the  West  Coast  for  mills 
using  native  lumber  which  is  of  longer  lengths 
than  ours  in  the  East  and  probably  used  mostly 
for  construction  work  in  squares,  2  by  4's,  and 
the  like.  Evidently  a  machine  manufacturer  saw 
the  advantage  of  a  fast-feed  machine  and  most 
likely  worked  with  some  lumber  manufacturer 
to  create  such  a  machine. 

A  machine  was  developed  to  feed  at  a  maxi¬ 
mum  speed  of  1,000  feet  per  minute.  That  is 
pretty  fast  for  us.  However,  it  was  just  what 
they  were  looking  for.  What  a  step-up  in  their 
production  with  a  machine  producing  quality 
work,  such  as  that  I 

The  feed  end  of  the  machine  has  either  a  hop¬ 
per  or  belt  arrangement  which  was  probably  de¬ 
signed  for  the  individual  manufacturing  require¬ 
ments.  The  heads  are  of  a  diameter  related  to 
the  maximum  feed  speed.  The  larger  the  head 
diameter,  the  more  knives  are  used.  The  top 
and  bottom  heads  are  mounted  in  an  aluminum 
ball  bearing  yoke  which  is  easily  removed  to 
the  grinder  or  for  changing  to  another  set-up. 
The  side  heads  are  mounted  on  a  tapered  non¬ 
whipping  spindle.  These  heads  run  at  3,600 
rpm.  Thus,  high  frequency  is  not  required. 

The  chief  merit  of  the  type  of  head  used  is 
that  the  benefit  of  each  knife,  as  a  profile  knife, 
is  taken  advantage  of,  because  all  knives  are 
ground  while  mounted  on  the  head  and  in  their 
own  yoke  at  the  feed  speed  of  25  feet  per  minute 
generally  recommended  for  profile  knives.  An¬ 
other  advantage  of  this  type  of  head  lies  in  the 
fact  that  it  allows  a  quick  set-up  change.  Should 
it  be  desirable  to  change  patterns  in  the  middle 
of  a  run,  it  can  be  accomplished  with  a  machine 
of  this  type  by  simply  changing  yokes.  In  so 
doing,  the  head  set-up  being  used  is  not  dis¬ 
turbed.  When  the  yoke  is  placed  back  into  the 
moulder,  it  is  ready  to  be  run  again  without  any 
change  in  the  pattern. 

We  have  one  of  these  high  feed-speed  moul¬ 
ders.  It  is  an  8-inch  machine  with  a  9-inch 
diameter.  It  has  twelve  knife  heads  and  runs 
at  a  maximum  feed  speed  of  300  feet  per  minute. 
It  has  a  hopper -type  hand-fed  feeding  arrange¬ 
ment.  However,  because  of  our  length  require¬ 
ments,  we  very  seldom  run  the  machine  over 


200  feet  per  minute.  Even  so,  this  machine 
replaces  three  standard-type  high-frequency 
moulders. 

We  use  three  men  on  this  moulder,  two 
operators  and  an  off-bearer.  The  operators 
run  the  machine  and  keep  the  heads  ground 
and  ready  for  the  next  set-up.  When  we  used 
three  moulders,  we  had  six  men  to  run  them, 
as  well  as  a  man  to  grind  knives  and  make  up 
heads.  With  our  present  moulder  we  replace 
four  men  and  expensive  electrical  equipment 
and  save  in  electrical  power. 

It  takes  a  lot  of  material  on  hand  to  keep 
this  machine  in  production.  The  operator 
must  use  a  feed  speed  as  is  required  by  the 
length  of  the  material  run  and  his  ability  to 
keep  the  hopper  full  of  stock.  If  a  piece  of 
wood  is  stopped  in  the  machine,  it  is  knife - 
marked.  Hence,  the  machine  should  not  be 
run  faster  than  permissible  for  proper  feed¬ 
ing.  It  is  recommended  that  the  feed  speed 
be  as  near  to  the  maximum  as  possible,  as 
knife  marks  will  build  up  at  slow  speed.  In 
such  a  case,  the  moulding  will  not  be  quite 
as  clean  and  smooth  as  it  would  be  if  run  at 
faster  speed. 

I  feel  a  machine  of  this  type  is  an  asset  to 
our  production.  It  could  be  an  asset  to  yours 
if  a  moulder  enters  into  any  of  your  production 
problems. 
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Cut-Control  Saws 


STERLING  H.  DURST,  Production  Manager, 
Gamble  Brothers,  Inc.,  Louisville,  Ky. 


WOODWORKING  BOUND  BY 
CRAFT  TRADITION 

The  woodworking  industry  is  an  industry 
of  tradition.  We  are  inclined  to  accept  as 
fact  certain  methods  and  procedures  in  manu¬ 
facture  because  through  experience  we  have 
come  to  general  acceptance  of  methods.  The 
woodworking  industry,  by  and  large,  is  a  non¬ 
technical  industry.  It  is  instead  a  craft  industry. 
Simply  because  experience  under  one  set  of  con¬ 
ditions  has  indicated  that  certain  methods,  be¬ 
ginning  even  with  the  seasoning  of  lumber,  have 
proved  satisfactory,  we  accept  this  procedure 
as  the  only  satisfactory  method. 

In  the  past  twenty -five  years  of  the  industrial 
age  science  has  progressed  very  rapidly  and 
technological  advances  have  been  of  great  im¬ 
portance  to  the  industry. 

Being  a  craft  industry,  the  woodworking  in¬ 
dustry  is  somewhat  inclined  to  scoff  at  the  tech¬ 
nical  or  scientific  approach  to  any  problem.  We 
have  in  effect  been  standing  on  the  sidewalk 
watching  the  parade  of  progress  go  by,  and  it 
has  never  occurred  to  us  as  an  industry  that  we 
might  be  smart  to  join  the  parade. 

The  woodworking  industry  is  not  inclined  to 
spend  much  money  in  research,  and  as  a  result 
many  mechanical  adaptations  that  have  proven 
effective  in  other  industries,  and  could  probably 
affect  the  woodworking  industry,  have  not  been 
applied  in  shop  practice. 

It  does  not  make  any  difference  how  intensely 
interested  management  may  be  in  these  pro¬ 
cesses,  they  must  be  translated  in  terms  of 
thinking  to  the  supervisory  personnel  in  the 
plant,  and  this  is  where  the  creUt  angle  and  op¬ 
position  appears. 

1  am  not  old  as  a  woodworker,  and  having  a 
technical  training,  I  naturally  have  questioned 
many  of  the  procedures  which  are  customarily 
followed.  Insofar  as  our  company  is  concerned, 
we  do  have  many  technical  people  in  management 
and  when  problems  arise  we  are  inclined  to  seek 
the  technical  rather  than  the  historic  approach 
in  answering  these  problems. 

There  is  no  phase  of  woodworking  that  has 
probably  been  more  neglected  than  that  phase 
dealing  with  the  mechanical  cutting  tools. 


It  might  be  well  at  this  point  to  ask  our¬ 
selves  a  few  questions.  Have  any  of  you 
gentlemen  ever  looked  at  a  cutterhead,  and 
has  any  cutterhead  salesman  ever  explained 
to  you  why  the  knives  are  set  at  a  certain 
angle  ?  He  probably  has  given  the  recom¬ 
mended  cutting  angles  for  various  species  of 
wood.  Are  they  right?  Why  is  the  head  of  a 
certain  diameter  ?  Why  is  it  recommended 
for  operation  at  a  given  arbor  speed?  I  have 
never  seen  any  sound  explanation  of  any  of 
these  points. 

While  we  are  on  the  subject  of  cutterheads 
and  saws,  both  of  which  operate  and  cut  by 
rotary  motion,  let  us  talk  about  a  few  of  the 
elements  that  can  affect  their  operation  in 
wood.  First  of  all,  of  course,  is  the  spindle 
speed.  The  spindle,  or  arbor,  speed  times 
the  number  of  knives  or  teeth  in  contact  with 
the  work  will  produce  a  given  number  of  cuts 
per  inch  of  feed.  You  know,  as  well  as  I 
know,  that  it  is  impossible  to  get  all  knives  in 
such  perfect  joint  that  all  knives  are  cutting. 

If  we  wish  to  maintain  a  fixed  rate  of  feed  in 
order  to  obtain  uniform  costs,  it  would  then 
seem  desirable  for  the  best  work  to  have  a 
single  knife  cutting  and  to  have  an  infinitely 
variable  spindle  speed  to  produce  the  number 
of  knife  cuts  per  inch  to  give  the  best  results. 

Currently,  handbooks  on  cutterheads  will 
give  you  for  various  species  of  woods  the 
cutting  angle  which  the  manufacturer  recom¬ 
mends  and  the  number  of  knife  cuts  per  inch 
whether  the  stock  be  kiln  dried,  air  dried,  or 
for  various  species. 

There  is  one  important  angle,  however, 
which  is  never  expressed  and  which  is  not 
recognized.  This  angle  I  choose  to  call  the 
angle  of  approach.  The  angle  of  approach  is 
that  angle  which  is  produced  between  the  sur¬ 
face  of  the  board  and  the  depth  of  the  cut.  It 
is  perfectly  obvious  that  the  cutterhead  ap¬ 
proaching  the  surface  of  the  board  will  have 
an  angle,  depending  upon  the  dizuneter  of  the 
head  and  depth  of  cut.  Therefore,  the  smaller 
the  head  and  the  deeper  the  cut,  the  sharper 
the  angle  and  the  greater  danger  of  chipping 
and  tearing  the  grain. 

Discussion  of  this  angle  immediately  raises 
another  point.  Why  should  cutterheads  feed 
against  the  grain  of  the  wood  ?  Who  determined 
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this,  and  who  decided  that  it  was  the  best 
method  to  work  wood?  It  is  perfectly  logical 
to  assume  that  a  cutterhead  revolving  in  the 
direction  of  the  feed  would  have  less  tendency 
to  tear  and  less  tendency  to  raise  the  grain  and 
would  require  less  power. 

The  reason  this  is  not  done  is  that  it  presents 
a  problem  of  feed  and  a  tendency  to  throw  the 
stock  in  the  direction  in  which  the  cutterhead  is 
revolving.  This  is  purely  a  mechanical  problem, 
and  one  I  am  sure  can  be  overcome.  The  larger 
the  diameter  of  the  cutting  head,  the  greater  the 
peripheral  speed  and  the  greater  the  danger  of 
projected  force  when  cutting  with  the  direction 
of  the  feed.  Some  machines,  notably  automatic 
shapers  feed  in  this  manner.  We  are  familiar 
with  the  type  of  work  this  method  of  cutting  pro¬ 
duces. 

I  hope  by  asking  these  questions  I  have  started 
some  of  you  gentlemen  thinking,  because  here 
is  a  definite  need  or  field  for  research  that  the 
entire  woodworking  industry  should  undertake. 

This  is  a  Forest  Products  Research  Society, 
and  here  is  an  illustration  of  a  field  of  work 
which,  in  my  opinion,  is  worthy  of  real  research 
effort.  Planers,  moulders  and  continuous -feed 
glue  jointers  are  all  illustrations  of  revolving 
cutterheads  feeding  against  the  feed  or  flow  of 
material.  Who  judged  whether  it  is  right  or 
wrong  ? 

In  our  own  experience  we  know  that  on  our 
continuous -feed  glue  jointers  we  can  do  a  much 
better  job  with  8 -inch  diamter  heads  than  with 
6-inch  diameter  heads.  We  have  run  jointers 
cutting  with  the  feed,  but  dust  collection  is  a 
severe  problem.  The  difficulty  is  that  most 
glue  jointers  are  built  only  to  accommadate  the 
smaller  heads  and  cutting  against  the  feed. 

This  is  a  question  of  machine  design  and  nobody 
has  ever  told  the  manufacturer  of  woodworking 
machinery  that  his  design  was  not  correct.  We 
are  the  people  who  work  wood,  and  we  are  the 
people  who  should  question  the  design  of  wood¬ 
working  machinery.  You  must  remember  that 
the  manufacturer  of  machinery  is  primarily  a 
metal  worker. 

Then,  of  course,  we  come  to  the  question  of 
saws.  I  of  course,  do  not  remember,  but  I  am 
told  that  it  is  only  a  matter  of  30  years  or  so  age 
when  it  was  considered  unsafe  to  operate  a  circle 
saw  at  a  speed  above  1800  rpm.  How  was  this 
changed  ?  In  the  manufacture  of  automobile  body 
woodwork  a  new  technical  influence  came  into  the 
woodworking  industry.  These  men  had  no  tradi¬ 
tion  to  overcome,  and  in  order  to  obtain  higher 
speeds  on  cutterheads  they  simply  replaced  me¬ 
tal  bearings  with  anti-friction  bearings  and  pro¬ 
ceeded  to  run  the  saws  at  higher  speeds.  When 


they  ran  into  trouble  they  studied  the  problem. 

If  it  took  alloy  steels  they  made  them.  Research 
solved  most  of  the  problems.  If  it  had  not  been 
for  the  automobile  people,  you  would  not  have 
any  high  frequency  operation  in  your  plants  to¬ 
day.  They  were  unwilling  to  stop  at  3600  rpm- 
on  arbors.  The  machine  people  probably  still 
would  be  building  woodworking  machinery  with 
metal  bearings  if  it  had  not  been  for  the  auto¬ 
mobile  influence. 

Circular  saws  rank  among  the  oldest  of  wood¬ 
working  tools.  The  fundamentals  of  their  de¬ 
sign  were  developed  many  years  ago,  and  to  a 
considerable  extent  present  day  saws  are  essen¬ 
tially  the  same  as  those  used  in  the  early  days 
of  the  woodworking  industry. 

As  you  look  through  the  "Saw  Handbook" 
published  by  Coveil  Hanchett  you  see  many 
designs.  These  designs  were  developed  by 
trial  and  error  for  individual  saw  filers.  The 
trial  and  error  methods  provided  different 
means  of  accomplishment  between  filers.  Only 
in  recent  years  has  a  systematic  effort  been 
made  to  improve  saws  to  reduce  kerf  waste, 
reduce  maintenance  cost,  reduce  power  require¬ 
ments,  and  generate  increased  production. 

The  history  of  our  company  shows  that  we 
have  always  been  interested  in  saws.  Why  have 
we  been  interested?  Because  there  is  no  tech¬ 
nical  data  available  on  the  shape  of  the  tooth, 
the  number  of  teeth,  or  effects  of  the  shape  of 
the  tooth  with  relation  to  the  speed  or  smooth¬ 
ness  of  the  cut.  Because  of  the  lack  of  informa¬ 
tion  we  have,  in  a  small  way,  made  an  effort  to 
improve  the  shape  and  design  of  circular  saws, 
especially  rip  saws. 

We  have  successfully  operated  circular  saws 
with  stiffening  collars  as  thin  as  16  gauge  on 
certain  types  of  softer  hardwoods.  This  saw 
will  remove  5/64  inch  saw  kerf,  but  is  difficult 
to  maintain.  Why  are  we  interested  in  such  an 
item?  Figure  out  the  difference  between  a  saw 
kerf  of  5/64  inch  as  compared  with  11/64  inch, 
which  is  taken  by  the  average  12 -gauge  circular 
saw.  This  is  a  difference  of  3/32  inch.  As¬ 
suming  only  l/l6  inch  difference,  however,  and 
taking  as  60  feet  a  minute  the  effective  rate  of 
feed  on  a  rip  saw,  this  is  the  equivalent  to 
57,600  feet  of  saw  travel  through  wood  in  a 
single  8-hour  day.  This  is  the  equivalent  of 
300  board  feet  of  lumber  in  saw  kerf.  If  the 
net  value  of  your  lumber  is  $100.00  a  thousand 
kiln  dried  and  delivered  the  mill,  this  is  $30.00 
a  day  that  could  be  saved.  Multiply  this  by 
the  number  of  saws  you  use,  and  you  obtain  the 
potential  savings.  It  was  the  possibility  of  these 
savings  that  led  us  to  do  some  experimentation 
in  saw  design. 
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CUT-CONTROL  SAW 

Within  the  last  18  months  there  has  been  in¬ 
jected  into  the  industry  a  new  type  or  design  of 
saw.  This  is  known  as  the  Cut-Control  saw. 

It  became  our  good  fortune  to  have  the  oppor¬ 
tunity  to  put  this  saw  under  test  in  February, 

1949.  At  that  time  we  were  working  with  one 
of  the  large  saw  manufacturers  in  an  effort 
to  develop  a  thin-gauge  segment  saw  of  con¬ 
trolled  cut  with  14  teeth.  Simultaneously  a 
representative  of  P.  T.  I.  was  told  that  we 
would  be  interested  in  conducting  a  test  of 
them  since  their  saw  closely  paralleled  our 
own  thinking. 

What  does  controlled  cut  mean?  Controlled 
cut  in  a  saw  is  exactly  the  same  principal  as 
used  in  the  controlled  cut  in  the  present  day 
cutting  heads.  You  feed  a  moulder  at  a  given 
rate  of  feed  because  you  want  a  certain  number 
of  knife  cuts  per  inch.  In  a  saw  of  the  control¬ 
led  cut  theory  you  have  exactly  the  same  condi¬ 
tion.  The  tip  of  the  tooth  projects  above  the 
edge  of  the  blade  a  fixed  distance  in  exactly  the 
same  manner  in  which  a  knife  projects  above 
the  surface  of  a  round  cylinder.  The  saw  can¬ 
not  remove  any  more  wood  fiber  than  the  total 
number  of  teeth  times  the  spindle  speed  at  a 
given  rate  of  feed.  If  the  feed  exceeds  the 
amount  of  fiber  removed,  the  stock  will  ride 
the  relief  of  the  blade. 

I  have  frequently  heard  round  cylinders  re¬ 
ferred  to  as  Seifety  heads.  Why  are  they  called 
safety  heads  ?  Because  the  knife  cannot  take 
a  cut  greater  than  the  relief  of  the  cylinder. 

At  the  exact  moment  the  knife  penetrates  to 
the  proper  depth  the  periphery  of  the  cylinder 
will  ride  the  work.  The  cut  control  of  the  saw 
is  identical  to  the  cutter  head.  Therefore,  the 
saw  is  safer  because  the  tendency  of  a  standard 
rip  saw  to  load  or  wedge  itself  into  the  work 
has  been  eliminated. 

The  first  P.  T.  I.  saw  was  placed  on  a  Diehl 
straight  line  rip  saw  in  our  plant  in  February, 
1949.  We  were  careful  to  place  our  collars 
within  a  tolerance  of  one  and  one-half  thou¬ 
sandth  for  assurance  that  the  blade  would  travel 
in  a  true  plane.  The  results  obtained  from  this 
saw  were  excellent.  Because  of  the  tooth  clear¬ 
ance  and  eight  teeth,  we  were  required  to  use 
a  machine  speed  of  approximately  80  feet  per 
minute.  The  blade  had  a  tooth  tip  clearance 
slightly  under  1/32  inch. 

The  permissible  operating  speed  is  calcu¬ 
lated  by  the  following  formula; 

F  (feed  travel  in  ft.  per  min.-rpm.x  N  (no.  teeth) 

C  (cut/tooth)x  12 


If  this  formula  is  applied  to  a  standard  32  or 
36  tooth  rip  saw  operated  at  a  chain  speed  of 
160  feet  per  minute  it  is  obvious  that  all  of  the 
teeth  are  not  cutting.  What  are  they  doing? 

POWER  SAVINGS 

It  has  long  been  recognized  that  the  fewer 
the  teeth  the  less  horsepower  required.  Our 
tests  for  power  consumption  were  made  with 
a  Tong  tester.  We  were,  frankly,  amazed 
because  on  softer  woods  the  increase  in  amperes 
was  almost  negligible  between  full  load  and 
no  load.  What  we  had  observed  was  later  sub¬ 
stantiated  by  tests  conducted  by  the  Timber 
Engineering  Company  of  Washington,  D.  C. 
for  the  P.  T.  I.  ,  Inc.  ,  who  are  the  importers 
of  this  saw  from  Germany. 

Saving  in  ppwer  consumed  by  the 
Precision  Tool  and  Instrument 
Company  saw  blade  as  ccampared 
with  Atkins  saw  blade 


Wood 

Power 

Ponderosa  pine 

38 

Red  oak 

32 

Red  gum 

14 

This  saw  remained  on  this  machine  continu¬ 
ously  until  the  9th  of  December,  1949  when  it 
was  removed.  During  this  time,  except  for 
washing  and  occasional  hand-honing  the  carbide 
teeth  with  a  diamond  hand  hone,  the  saw  was  in 
continuous  operation  until  the  9th  of  December, 
1949.  Careful  records  were  maintained,  and 
over  three  hundred  and  four  thousand  net  feet 
of  lumber  passed  over  this  saw  before  it  was 
removed  from  the  arbor  and  returned  to  the 
manufacturer  for  reconditioning. 

You  will  be  interested  to  know  that  this  saw 
was  returned  to  us  early  in  the  current  year 
and  has  been  operated,  although  not  continuous¬ 
ly,  to  date.  In  reconditioning  this  saw,  too 
much  back  clearance  was  ground  in  the  blade, 
but  I  have  brought  the  saw  with  me,  and  any  of 
you  who  care  to  do  so  can  examine  this  saw 
after  the  meeting. 

The  cut-control  principle  is  sound.  We  have 
applied  this  principle  to  other  types  of  circle 
saws  that  are  not  carbide  tipped.  We  have 
found  that  the  tooth  angle  is  quite  important 
and  must  remain  within  the  limits  of  22  to  25 
degrees  cutting  angle.  We  are  currently  opera¬ 
ting  5  of  these  saws  in  a  gang  saw  operation, 
using  a  10  hp.  motor.  This,  of  course,  is  in 
all  defiance  of  the  traditional  thinking  in  regard 
to  the  horsepower  required  to  operate  a  circle 
rip  saw.  Saw  specifications  state  that  5  hp. 
is  required  for  each  saw  on  a  basis  of  1-inch 
oak  or  1-inch  hard  maple.  The  gang  saw  that 
I  refer  to  is  used  for  gang  ripping  gum  lumber 
1-inch  in  thickness.  They  are  swage  set. 
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We  also  use  on  the  same  arbor  some  10-tooth 
saws  10  inches  in  diameter  as  compared  to  8- 
tooth  saws  8  inches  in  diameter.  The  increase 
in  horsepower  required  for  the  gang  operation 
by  using  10  teeth  is  not  noticeable,  and  is  ap¬ 
parently  well  within  the  rated  capacity  of  the 
motor . 

We  recently  purchased  a  gang  rip  saw  for  our 
plant  at  Montgomery,  Alabama.  The  manufac¬ 
turer  was  sent  the  order  direct,  and  our  spe¬ 
cifications  called  for  a  20  hp.  motor  on  the 
arbor.  This  machine  is  normally  equipped 
with  a  50  hp.  motor  on  the  saw  arbor.  The 
manufacturer  on  receiving  the  order  called  up 
and  asked  how  many  saws  we  expected  to  run. 
We  told  him  a  minimum  of  6  saws  on  1-inch 
lumber,  and  his  comment  was  that  it  simply 
would  not  work.  We  are  using  8-tooth  saws, 

4  to  the  gang,  on  this  machine,  and  we  are 
doing  a  satisfactory  job  without  any  ill  effects 
to  the  motor. 

You  asked  what  this  means  to  the  woodwork¬ 
ing  plant?  It  means  power  savings.  We  do  not 
claim  or  pretend  to  know  all  of  the  answers.  I 
believe  that  our  company  is  cost  conscious. 
Certainly,  as  Production  Manager,  I  have  that 
fact  drummed  into  my  ears  every  day.  I  know 
that  in  the  filing  room  it  does  not  take  long  to 
swage  and  shape  an  8-tooth  saw.  A  swage-set 
saw  is  the  best  saw  and  far  superior,  in  our 
opinion,  to  a  spring-set  saw  because  each  tooth 
is  uniformly  and  equally  in  work  when  the  saw 
is  in  cut. 


This,  of  course,  has  immediately  presented 
another  problem,  and  that  is  the  design  of  a 
proper  swage.  We  have  just  obtained  from  the 
E.  C.  Atkins  Company  a  modified  swage  which 
gives  us  much  heavier  metal  in  the  swage,  and 
therefore  much  longer  wear,  Atkins'  swage  is 
interesting,  and  you  may  wish  to  examine  one 
of  these  saws.  What  we  are  trying  to  obtain  in 
this  swage  is  a  concave  rather  than  a  flat  sur¬ 
face  on  the  face  of  the  tooth,  giving  a  chisel 
action  in  the  cut  rather  than  a  flat  tearing  sec¬ 
tion.  We  have  found  this  swage  very  success¬ 
ful. 

We  are  and  have  been  experimenting  with  a 
cut  control  band  resaw  blade.  This  uses  the 
same  principles  as  the  cut  control  saw.  We 
have  teeth  on  6 -inch  centers.  What  is  our 
purpose  of  this  ?  To  reduce  our  saw  kerf  and 
give  a  smooth  sawn  surface  so  that  only  sand¬ 
ing  will  be  needed  to  clean  up  the  resawn  sur¬ 
face.  We  have  sawn  successfully  with  this  saw 
but  still  classify  it  as  experimental. 

Certainly,  the  entire  woodworking  industry 
should  become  conscious  of  the  mechanics  of 
edge  tools.  We  must  stop  standing  on  the  side¬ 
walk  watching  the  parade  go  by. 


154 


Economies  from  the  Use  of  Improved 
Cutters  in  Woodworking  Plants 

S.  S,  SECHRIST,  Red  Lion  Cabinet 
Company,  Red  Lion,  Pa. 


Five  years  ago  in  the  midst  of  an  endeavor 
to  increase  our  production  with  existing 
facilities  we  were  confronted  with  the  limita¬ 
tions  placed  on  production  by  available  cutters 
and  the  way  they  were  handled.  In  order  to 
get  the  facts  of  what  these  limitations  were 
costing  us,  we  made  a  survey  using  our  cost 
system  to  do  the  job.  We  were  amaized  at  what 
we  found,  because  we  were  under  the  impres¬ 
sion  that  we  had  attained  a  high  degree  of  ef¬ 
ficiency  in  every  branch  of  our  operation.  The 
unfavorable  figures  were  the  result  of  the  fol¬ 
lowing  general  conditions. 

1.  There  were  no  two  tools  alike  even  where 
they  were  doing  the  same  work  on  the  same 
type  machine,  and  they  were  producing  a  varia¬ 
tion  of  quality  and  quantity. 

2.  The  same  types  of  tools  were  ground  at 
various  angles  and  other  tools  very  poorly  ser¬ 
viced. 

3.  Machines  were  idle  while  operators  were 
sharpening  cutters  or  standing  over  saw  filers 
and  <^ool  grinders  telling  them  how  these  cutters 
should  be  sharpened  to  do  a  good  job. 

4.  Machines  were  being  slowed  down  pro¬ 
gressively  as  tools  dulled  so  as  to  avoid  a 
change  or  resharpening  of  knives  before  com¬ 
pleting  a  specific  job,  because  the  operators 
decided  it  was  profitable  to  him  to  slow  down 
to  get  all  he  could  out  of  a  single  setup. 

5.  Each  operator  of  a  machine  considered 
himself  an  expert  on  the  cutters  used  on  his 
machine  and  his  wishes  regarding  his  tools 
were  respected. 

6.  The  shape  or  the  condition  of  the  cutter 
was  systematically  used  as  an  alibi  for  poor 
workmanship . 

7.  No  one  in  the  organization  from  operator, 
supervisor,  purchasing  agent,  or  top  manage¬ 
ment  knew  anything  definite  about  cutters. 

We  were  convinced  that  there  was  a  worth 
while  saving  to  be  made  by  getting  the  proper 
cutters  for  a  job  and  then  keeping  those  tools 
ground  to  their  original  contour.  This  called 
for  a  very  comprehensive  study  of  cutter  tools 
and  their  servicing.  This  study  has  been  going 
on  for  the  past  five  years  and  considerable 


progress  in  reducing  our  machining  costs 
has  been  made. 

This  is  what  we  save  by  using  a  precision 
carbide  saw: 

The  time  required  to  file  an  ordinary  saw 
blade  for  a  Diehl  rip  saw  is  30  minutes.  We 
filed  these  saws  daily.  Hence,  20  filings  per 
months  required  600  minutes.  We  grind  car¬ 
bide  saws  every  four  weeks.  The  time  re¬ 
quired  is  35  minutes.  Thus,  every  four 
weeks  we  save  565  minutes.  At  $1.25  per 
hour,  this  amounts  to  $11.56.  Thus,  in  five 
months  we  pay  for  the  increased  cost  for  a 
carbide  saw.  In  our  plant,  this  saw  has  a 
life  of  two  years.  Thus,  over  a  two-year 
period,  we  save  on  filing  alone  19  x  $11.56  or 
$219.64.  This  amounts  to  an  average  saving 
of  $109.80  per  saw  per  year. 

The  above  amount  does  not  include  the  sav¬ 
ings  brought  about  by  better  joints  and  faster 
speeds.  Thus,  on  variety  saws,  we  show  a 
5.1  percent  average  increase  in  production. 

I  do  not  have  the  time  to  describe  the  many 
phases  of  improvement  we  made,  such  as 
standardization  in  design,  precision  grinding, 
tool-room  procedure,  tungsten  carbide,  etc. 
However,  this  is  typical  of  what  we  did  with 
every  cutting  problem. 

On  multi-knife  moulder  heads  we  discovered 
that  we  could  double  production  on  our  moul¬ 
ders  and  get  very  good  work  with  high-speed 
steel  if  we  kept  those  heads  in  nearly  perfect 
condition.  We  did  this  by  getting  two  expen¬ 
sive  precision  grinders,  such  as  you  will  find 
in  the  metal  industry  in  tool  and  die  work,  and 
several  expert  machinists.  However,  the  cost 
of  keeping  these  tools  in  condition  was  cancel¬ 
ling  out  a  major  portion  of  the  gains  we  made 
on  the  machines.  For  this  reason,  we  pro¬ 
ceeded  to  go  to  tungsten  carbide  to  cut  grind¬ 
ing  costs.  We  investigated  grinding  equipment 
in  order  to  get  further  reduction  in  grinding 
time.  Not  finding  available  the  type  we  wanted, 
we  designed  and  built  a  precision  grinder  that 
cut  our  time  50  percent  and  labor  rate  40  per¬ 
cent  and  enabled  us  to  replace  tool  and  die 
workers  with  a  semi-skilled  operator.  By 
doing  this,  we  saved  70  percent  of  each  re¬ 
grinding  cost. 
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We  could  see  further  possible  gains  in  tool 
costs,  speed,  quality  of  work,  etc.  if  we  could 
get  the  ideal  true  helical  cutter  head.  After  a 
number  of  failures  in  design  and  materials  we 
finally  came  up  with  what  we  consider  a  land 
mark  and  a  major  contribution  in  woodworking 
cutter  heads.  Up  to  this  time  cutter  tools  have 
not  kept  pace  with  the  improvement  in  wood¬ 
working  maichines  on  which  they  have  been  used. 
The  tools  should  have  tiered  dynamically  bal¬ 
anced  spindles  so  that  the  full  economic  bene¬ 
fits  could  be  available.  With  such  tools  we 
get  low  initial  cost,  high  production  speed,  and 
low  maintenance  cost. 

Here  is  an  analysis  of  actual  savings  as  af¬ 
fected  in  regular  use  of  these  tools  in  our  plant 
at  Red  Lion,  Pennsylvania: 

For  6-knife  moulder-type  cutter  heads  mak¬ 
ing  the  jointer  cuts,  the  40-minutes  time  re¬ 
quired  for  grinding  each  head  20  times  per 
month  amounts  to  800  minutes  per  month.  One 
45-minute  grinding  per  month  of  a  helical  cut¬ 
ter  results  in  a  saving  in  grinding  time  of  755 
minutes.  At  $1.25  per  hour,  there  is  a  saving 
on  regrinding  of  $15.  72  per  month.  We  have 
an  additional  saving  of  50  percent  on  sandpaper 
and  hand  sanding.  Also  to  be  realized  is  better 
quality  and  less  trouble  through  the  finishing 
operations. 

Our  loss  of  material  at  the  moulder  ran  up 
to  10  percent.  We  consistently  reduced  this 
percentage  making  a  saving  of  from  $30.00  to 
$40.  00  per  day  depending  on  size  of  stock 
being  run. 

By  the  adoption  of  precision  cutters,  together 
with  precision  grinders  designed  for  these  cut¬ 
ters,  we  have  solved  the  problem  of  replacing 
the  fast  vanishing  skilled  knife  man  and  grinder 
operator.  Our  machine  rooms  are  doing  more 
and  better  work  at  a  lower  cost  with  the  average 
available  worker.  Our  precision  mill  work  is 
no  longer  dependent  on  the  skill  of  a  trade 
which  the  present  generation  will  not  tadce  the 
time  to  learn.  We  are  running  our  machines  to 
fuller  capacity  and  higher  speeds  than  pre¬ 
viously  considered  possible  and  are  saving  very 
materially  on  subsequent  operations. 

This  project  is  not  complete  and  within  the 
coming  year  we  are  confident  that  we  will  have 
achieved  the  same  basic  principles  and  im¬ 
provements  for  all  our  profile  cutters. 


156 


open  Season  on  Saws 

L.  H.  REINEKE,  Technologist,  Forest  Products  Laboratory,  Madison,  Wis. 


The  genius  who  really  sparked  this  meet¬ 
ing  today  was  the  first  primitive  man  who 
had  wit  enough  to  realize  that  the  sharp -edged 
stones  or  shells  that  cut  his  feet  could  also 
cut  other  objects  or  materials.  His  very  able 
assistant  was  the  one  who  thought  of  lining  up 
two  or  more  cutting  edges  to  cut  in  the  same 
path,  thereby  creating  the  saw.  Without  such 
single-  and  multiple -edged  cutting  tools  there 
could  be  no  boards  to  be  seasoned,  no  problems 
of  precision  machining,  no  quality  control,  and 
thus  no  need  for  today's  discussions. 

Those  initial  cutting  tools  certainly  touched 
off  a  chain  reaction  of  problems — and  of  solu¬ 
tions  that  posed  new  problems  in  turn.  The 
early  days  were  not  free  of  the  problems  of 
supply,  materials,  and  methods.  Finding 
suitable  and  durable  material,  forming,  re¬ 
newing,  and  replacing  it,  and  properly  using 
the  crude  tools  was,  perhaps,  more  difficult 
than  today,  and  development  was  slow.  Im¬ 
proved  cutting  edges  permitted  new  applications 
that  posed  new  problems.  The  tempo  of  im¬ 
provement,  slow  in  the  early  days,  was  accel¬ 
erated  only  mildly  in  the  days  of  the  craft  guilds. 
However,  with  the  impetus  of  mechanical  power 
and  the  machine  age,  of  mass  production  re¬ 
quirements,  and  of  the  pressure  of  competitive 
economics  the  tempo  has  risen  mightily  and 
there  is  now  in  full  swing  an  open  season  on 
saws  and  other  cutting  tools  and  on  the  problems 
of  quality  control,  seasoning,  and  other  factors 
tied  in  with  cutting -tool  use. 

The  change  in  tempo  of  saw  improvement  is 
noteworthy.  Since  the  circular  saw  was  first 
put  into  use,  more  than  150  years  ago,  there 
have  been  until  fairly  recently  only  a  few  out¬ 
standing  developments,  such  as  the  insert- 
point  and  the  band  saw.  In  the  last  decade  or 
so  there  have  been  numerous  new  features, 
such  as  tungsten  carbide,  high-speed  steel, 
and  hard-coated  sawteeth  for  circular  saws, 
the  buttress  tooth  and  the  sliver  tooth  on  band¬ 
saws,  the  Ferrari  smooth-sawing  tooth  form, 
the  Big  Four's  thick-hub  tensionless  circular 
saws,  the  Grupp  cut-control  safety  saw,  the 
hubless  Sally  saw,  the  Cox  chipper  tooth  for 
chain  saws,  and  others. 

The  current  developments  do  not  imply  that 
the  brains  of  the  old-timers  were  not  fertile 
and  productive  of  ideas.  Many  good  ideas  were 
advanced  that  were  fundamentally  sound  but 
could  not  be  applied  at  that  time.  Inadequate 


fabricating  methods,  materials,  and  machines 
to  make  or  use  the  improvement  stymied  the 
developments,  and  the  potential  gains  at  that 
time  were  too  small  to  gather'the  support  of 
economic  pressure  to  inspire  the  necessary 
CO -developments.  For  example,  hard  teeth 
required  good  abrasive  wheels  and  grinding 
machines;  troublesome  thin  saws  cost  more 
in  maintenance  and  interruptions  than  the 
value  of  the  kerf  sawed  in  the  days  of  cheap 
logs;  and  when  material  was  cheap  the  allow¬ 
ances  for  dressing  could  be  generous,  so  that 
precision  sawing  had  no  profit  bait  to  offer. 

Now,  however,  improved  materials  and  sup¬ 
erior  machine  design  are  available,  and  the 
economic  pressure  of  expensive  wood  and 
labor  and  stiff  competition  invites  any  develop¬ 
ments  that  will  conserve  material  or  labor,  or 
aid  in  maintaining  quality  or  continuity  of  pro¬ 
duction. 

Since  it  is  now  open  season  on  saws,  it  is 
appropriate  to  discuss  the  Duo-Kerf  principle 
of  rip  sawing,  developed  at  the  Forest  Products 
Laboratory  —  at  the  national  annual  meeting  of 
the  Forest  Products  Research  Society  in  Port¬ 
land,  Ore.  Duo-Kerf  offers  a  reduction  in 
kerf,  reduced  power  requirements,  greater 
accuracy  of  cutting,  and  smoother  surfaces. 

It  can  be  applied  to  circular  and  band  saws, 
and  to  sash  saws  for  the  ripping  of  either  green 
or  dry  material. 

The  kerf  reduction  that  Duo-Kerf  offers  is 
needed  in  view  of  high  material  costs  and  con¬ 
servation  needs.  The  reduction  in  power  re¬ 
quirements  should  be  a  boon  to  underpower'ed 
small  mills  by  increasing  their  production,  or 
to  operators  who  want  the  greater  sawing  ac¬ 
curacy  resulting  from  an  easier-running  saw 
for  quality  control  or  reduced  dressing  allow  - 
ance.  The  smoother  surfaces  should  enhance 
the  appearance  and  marketability  of  unfinished 
lumber,  and,  in  some  instances,  permit  skip¬ 
ping  a  dressing  operation  in  remanufacturing. 

It  is,  of  course,  too  much  to  expect  that  all 
these  advantages  can  be  enjoyed  to  the  full 
simultaneously.  Quality  control,  type  of  pro¬ 
duct,  operating  methods,  and  cost  balances  will 


—Maintained  in  cooperation  with  the  University 
of  Wisconsin. 

2 

— Reineke,  L.  H.  Sawteeth  in  Action.  Forest 
Products  Research  Society  Proceedings,  1950, 
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dictate,  to  some  extent,  how  completely  the 
Duo-Kerf  advantages  can  be  enjoyed. 

"Duo-Kerf"  is  a  name  descriptive  of  the 
sawing  process  involved.  Briefly,  the  Duo- 
Kerf  saw  uses  two  types  of  teeth,  arranged 
alternately.  The  first  of  each  pair  is  the 
"chipper"  tooth,  an  ordinary  chisel  tooth  with 
Jittle  or  no  swage.  It  cuts  a  narrow  saw  kerf 
of  the  ordinary  type,  but  this  is  immediately 
widened  by  dressing  both  kerf  surfaces  with 
the  second  tooth  of  the  pair.  This  second 
tooth,  the  "side-dresser",  is  set  a  trifle  low 
in  the  blade  so  that  its  top  does  no  cutting. 

The  light  dressing  cut  is  made  by  the  parallel 
sides  of  the  side-dresser,  forming  the  slightly 
wider  second  kerf  that  is  distinctive  of  the 
double-  or  Duo-Kerf  system. 

It  may  well  be  asked  how  Duo-Kerf  can  reduce 
kerf  losses  when  the  initial  kerf  is  widened  by 
the  side-dressers.  The  answer  is  simply  this; 
The  initial  kerf  made  by  the  chipper  teeth  is 
narrower  than  usual,  since  the  chipper  teeth 
are  as  thin  ac  or  thinner  than  the  body  of  the 
saw,  and,  further,  the  smooth  kerf  surfaces 
left  by  the  side-dressers  permit  a  reduction 
in  side  clearance  from  the  2-1/2  or  3  gages 
ordinarily  used  on  each  side  to  1/4  or  1/2  gage. 
Thus,  the  final  kerf  is  4  to  5  gages  narrower 
than  usual  for  the  same  saw-body  thickness. 

Another  question  that  may  be  asked  about 
Duo -Kerf  is  whether  any  standard  saw  could 
not  be  side-dressed  to  produce  an  equally 
smooth  surface.  The  answer  is  no,  for,  al¬ 
though  the  side  jointing  of  a  standard  saw  may 
result  in  a  true  surface  without  deep  tooth 
marks,  the  surface  is  not  free  of  the  torn-out 
fibers  and  woolliness  caused  by  the  normal 
process  of  separating  the  chip  from  the  kerf 
walls  by  a  splitting  or  shearing  action.  With 
Duo-Kerf,  the  initial  sheared  surface,  with 
its  loose  fibers  and  tear -outs,  is  removed  by 
the  knife  action  of  the  side-dressers.  As  a 
matter  of  interest,  some  samples  of  walnut, 
butternut,  and  hackberry  that  showed  chipping 
or  rough  cutting  at  grain  distortions  on  the 
jointer-surfaced  side  were  entirely  free  of 
such  defects  on  the  Duo-Kerf-sawed  side. 

Part  of  the  smooth  cutting  action  of  Duo-Kerf 
may  be  attributed  to  the  relatively  greater 
stiffness  of  the  saw.  Measurements  on  the 
cutting-test  machine  and  on  a  portable  sawmill 
at  the  Laboratory  show  a  power  reduction  of 
20  to  25  percent  for  Duo-Kerf  saws  of  the  same 
kerf  width.  Naturally,  the  narrow  kerf  possible 
with  Duo-Kerf  will  result  in  further  power 
savings.  The  reduction  in  stress  on  the  saw 
is  equivalent  to  stiffening  it,  thereby  making 
it  run  truer.  The  extent  of  this  stiffening  can 
be  judged  bv  a  comparison.  A  conventional 
13-gage  saw  (0.095  inch)  will  cut  a  7-gage  (0.180 
inch)  kerf,  but  a  Duo-Kerf  saw  cutting  the  same 
kerf  could  have  an  8-gage  (0.165  inch)  body, 
which  would  be  almost  exactly  1-3/4  times  as 


thick  as  the  conventional  saw  of  the  same  kerf 
and  stressed  only  75  to  80  percent  as  heavily. 
Similarly,  a  Duo-Kerf  saw  cutting  a  12-gage 
kerf  could  have  a  13 -gage  body,  while  an  ordinary 
saw  cutting  a  12-gage  kerf  would  have  an  18-gage 
(0.049  inch)  body,  only  half  the  thickness  of  the 
Duo-Kerf  saw.  Such  increased  stiffness  should 
improve  cutting  accuracy. 

Another  question  that  could  be  asked  is  how 
the  Duo-Kerf  power  saving  is  obtained.  To 
understand  this,  a  knowledge  of  the  cutting  action 
of  a  sawtooth  is  necessary.  To  obtain  informa¬ 
tion  on  cutting  actions,  a  cutting-test  machine 
or  pendulum  dynamometer  was  designed  and 
built  at  the  Laboratory  for  measuring  the  power 
consumed  in  cutting  wood  with  various  types 
of  tools.  This  dynamometer  is  extremely 
flexible  in  application,  and  practically  any  type 
of  cutting  action,  direction  of  grain,  and  speed 
can  be  handled. 

In  studying  the  action  of  the  chisel-type  saw¬ 
tooth  in  ripping,  four  forces  were  found  in 
operation.  First  is  that  required  to  sever  the 
fibers  at  the  bottom  of  the  chip  being  removed. 
This  force  is  the  same  whether  the  chip  is  thick 
or  thin,  and  changes  only  with  tool  sharpness, 
while  the  other  forces  are  proportional  to  chip 
thickness.  The  second  force  is  that  required 
to  free  the  sides  of  the  chip  from  the  kerf  walls, 
by  a  shearing  or  splitting  action  that  sometimes 
runs  into  the  stock  (with  cross  grain),  and  causes 
the  tear- outs.  The  third  force  is  that  required 
to  crumble  the  chips,  by  shearing  along  lines 
crosswise  of  the  chip.  The  fourth  force  is  that 
required  to  overcome  the  binding  of  the  chip 
between  the  kerf  walls  and  the  frictional  drag 
met  in  removing  the  chip  or  sawdust. 

It  is  largely  in  this  last  step  that  power  savings 
are  obtainable.  By  discharging  the  chip  into  a 
wider  space  as  soon  as  it  is  sheared  free,  the 
binding  action  of  the  chip  and  the  drag  on  the 
kerf  walls  are  reduced,  while  the  smoothness 
of  the  kerf  surfaces  further  reduces  the  friction. 
An  occasional  additional  saving  occurs  in  ripping 
cross-grained  material,  since  oblique  splitting 
along  the  edges  of  the  chip  runs  into  the  widened 
kerf  instead  of  running  into  the  stock.  Thus, 
buckling  some  of  the  fibers  and  tearing  them 
loose  is  avoided. 

The  idea  of  combining  a  planing  action  with 
the  saw  to  provide  a  smooth  surface  is  not  new, 
of  course.  The  first  United  States  patent  along 
this  line  was  issued  to  De  Witt  Riker  in  1871, 
and  others  have  come  along  at  intervals.  The 
early  patents  embraced  spring-set  saws  with 
special  teeth  added  in  the  form  of  two  or  more 
radial  planer  knives  beveled  alternately  to  dress 
both  sides  of  the  cut.  With  these  saws,  normal 
set  was  used  on  the  sawing  teeth,  and  the  planer 
teeth  or  knives  extended  still  further  outward, 
widening  the  kerf  beyond  its  normal  width  and 
increasing  the  load  on  the  saw.  The  planer  teeth 
were  set  very  low  in  the  saw,  giving  a  long 
initial  kerf  and  not  providing  the  immediate 
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OPEN  SEASON  ON  SAWS 


cision  in  sawing  operations.  The  making  of 
precision  products,  however,  requires  pre¬ 
cision  machinery  and  cutters.  Once  we  are 
awakened  fully  to  the  possibilities  of  saws  as 
precision  cutters,  we  may  become  willing  to 
give  them  the  same  careful  tool-room  and 
operating  attention  that  is  given  to  other  pre¬ 
cision  cutters.  With  assurance  of  proper  care 
and  usage,  better  saws  could  be  developed  and 
used  successfully  on  modern  machines. 

Naturally,  not  all  sawing  operations  would 
benefit  from  increased  precision,  kerf  re¬ 
duction,  or  smoothness  of  cut.  Slashers,  for 
example,  would  gain  nothing  from  increased 
precision;  kerf  reduction  is  valueless  with 
edging  and  trim  saws,  since  kerf  is  taken  from 
the  scrap;  and  smoothness  of  cut  is  of  little 
moment  in  bucking  cordwood.  On  the  other 
hand,  the  kerf  reduction  plus  the  reduction  in 
planing  allowance  makes  Duo-Kerf  especially 
desirable  for  headsaw  and  resaw  work. 


kerf  widening  that  reduces  power  requirements. 
When  planer  teeth  were  located  in  the  gullets 
of  the  primary  saw  teeth,  there  was  interference 
between  sawdust  and  planer  knife  shavings.  The 
planer  teeth  or  knives  promoted  deflection  of 
the  saw  through  the  nonbalanced  side  thrust  at 
the  bevels  of  cutting  edges,  and  these  bevels 
further  directed  the  shavings  toward  the  opposite 
kerf  wall,  where  they  would  tend  to  work  between 
the  bevel  and  opposite  kerf  wall  unless  the  cut¬ 
ting  depth  was  very  small. 

Duo-Kerf,  however,  can  be  used  equally  well 
on  shallow  or  deep  cuts  and  is  not  restricted  to 
saws  of  small  diameter.  Lateral  forces  on  the 
side-dressers  are  balanced,  causing  no  deflec¬ 
tion,  and  the  side-dresser  sawdust  is  properly 
chambered  in  its  own  gullet,  which  is  sized  in 
proportion  to  the  relative  amounts  of  wood  re¬ 
moved  by  the  two  types  of  teeth.  Side-dressers 
are  properly  placed  for  maximum  reduction  of 
sawdust  friction,  they  are  in  sufficient  number 
not  to  need  excessively  long  cutting  edges,  and 
the  follow-up  of  each  chipper  tooth  by  a  side- 
dresser  tooth  that  dresses  both  sides  of  the 
kerf  permits  the  use  of  chipper  teeth  thinner 
than  the  saw  body  and  without  set,  permitting 
less  over-all  kerf. 

The  technical  specifications  for  Duo-Kerf 
fitting  are  not  fully  worked  out  as  yet,  since 
the  many  possible  variemts  have  to  be  production¬ 
line  tested.  A  converted  inserted-point  circular 
headsaw  has  been  tested  on  a  portable  mill, 
and  several  forms  of  converted  and  redesigned 
bench  saw  blades  have  been  tested.  The  pendu¬ 
lum  dynamometer  has  been  used,  of  course,  to 
work  out  some  details.  Much  needs  to  be  done 
yet,  but  the  cooperation  of  several  commercial 
firms  has  been  promised.  The  results,  so  far, 
indicate  that  species  differences  have  little 
effect  on  Duo-Kerf  performance,  although  green 
and  dry  material  may  require  different  ratios 
between  initial  and  final  kerf,  or  in  hook  angle 
of  the  side-dressers. 

The  maintenance  of  Duo-Kerf  saws  is,  natur¬ 
ally,  an  important  factor  in  the  adoption  of  Duo- 
Kerf.  Without  suitable  tools,  maintenance  costs 
could  outweigh  gains  from  Duo -Kerf  use,  but 
work  is  progressing  on  the  necessary  tools,  and 
maintenance  should  not  be  a  difficult  problem. 
Even  if  an  increase  in  filing-room  time  becomes 
necessary,  the  benefits  from  Duo-Kerf  use  would 
outweigh  even  appreciable  increases  in  filing- 
room  time,  one  additional  benefit  to  be  con¬ 
sidered  being  the  improved  sawing  grade  that 
results  from  better  visibility  of  smooth,  saw- 
dust-free  surfaces.  Naturally,  the  goal  in 
developing  maintenance  methods  and  equip¬ 
ment  is  a  minimum  of  disturbance  to  filing 
room  procedure,  where  acceptance  of  changes 
is  sometimes  hard  to  win. 

• 

One  healthy  note  that  has  entered  the  sawing 
picture  is  a  tendency  to  demand  greater  pre¬ 


It  is  obvious,  therefore,  that  the  application 
of  Duo-Kerf  or  any  other  improved  saw  to  a 
specific  type  of  work  should  be  appraised  in 
terms  of  its  ability  to  save  material,  expedite 
the  work,  or  impart  desired  qualities  to  the 
product.  It  seems,  then,  that  tool  selection, 
as  well  as  the  methods  of  using  those  tools, 
is  as  much  a  part  of  quality  control  as  the 
conformance  of  the  product  to  specified  stand¬ 
ards.  Also,  since  the  stock  used  and  its  con¬ 
dition  sometimes  affect  the  operation  of  saws 
and  other  tools,  it  is  important  to  consider 
wood  conditioning  as  a  basic  phase  of  quality 
control.  Quality  control  that  considers  tools, 
materials,  and  methods  should  not  miss  turning 
out  the  desired  products,  and  it  will  be  flexible 
enough  to  bag  some  profit  from  any  saw  ad¬ 
vances  flushed  during  the  season  now  open. 


Tim.  1.-  Dtmlat  «nd  Cuttlnj  Atlen  of  D»i>a«rf  In  lo»»r  ehlppar 

tMth  (G8)  Md  (40}  h«v*  Uk*  or  milk*  guUata,  «•  lnQle«t«d 

bj  tolid  Md  brokM-lljM  profilM.  tMtb  hcv«  paralUI  aidM  Md  eo^ 

e«rt  fM«*  Md  ar«  Iomf  thM  ehlppar  t««lh  bf  d,  tdtleh  la  ralatad  to  faad  rata* 

Ounar  loft*  aatarlal  rMorad  In  aaquaaea  of  euttlac  aetiooa  by  ehlppar  md  aldo- 
draaaar  taaih.  Upoar  rljftt.  ehlppar>tooth  eh^  liftad  partly  trom  initial  karf 
(ki)  aftar  baioc  ahaarad  froa  karf  aalla  in  wood  with  aloping  (raio*  beta  that  no- 
eat  of  (rain  at  ri#it  aida  of  ehip  aadad  in  bottoa  of  final  karf  (kf)  inataad  of  taar 
Inc  karf  vail* 


159 


JOURNAL  of  the  FOREST  PRODUCTS  RESEARCH  SOCIETY 

Quality  Control  in  Lumber  and  Veneer  Drying 

CHARLES  LATIMER,  Engineer,  Nickey  Brothers,  Inc.  ,  Memphis,  Tenn. 


The  importance  of  proper  drying  of  lum¬ 
ber  and  veneer  in  the  manufacture  of  wood 
products  is  recognized  by  everyone  in  the  v/ood- 
working  industry.  Quali^  control  by  statistical 
methods  can  be  of  great  help  in  solving  the  prob¬ 
lem  of  drying  wood  uniformly  to  a  desired  mois¬ 
ture  content. 

It  is  not  possible  to  go  into  all  of  the  details 
behind  statistical  quality  control,  here,  but  a 
brief  explanation  can  give  some  indication  of 
the  fundamental  concepts.  Inherent  variation 
is  a  factor  in  any  process,  and  it  certainly  is 
a  factor  in  the  drying  of  wood  One  important 
result  obtainable  from  statistical  quality  control 
is  the  process  capability — that  is,  how  much 
normal  variation  to  expect  under  the  best  operat¬ 
ing  conditions. 

Given  a  certain  desired  average  moisture 
content  as  a  standard,  the  process  capability 
may  be  used  to  determine  limits  between  which 
practicably  all  moisture  determinations  should 
fall.  Moisture  contents  outside  these  limits 
indicate  that  some  assignable  cause  of  variation 
is  present  other  than  the  ordinary  fluctuations 
inherent  in  the  process.  Quality  control,  then, 
can  be  used  to  determine  when  to  look  for  such 
assignable  causes  so  that  an  investigation  can 
be  made  and  action  taken  to  eliminate  the  source 
of  this  variation.  When  all  such  causes  of  var¬ 
iation  are  elminated,  the  process  is  said  to  be 
in  control,  an  idea  state  of  affa  rs  and  a  goal 
worth  striving  for. 

VENEER  DRYING 

The  record  used  in  statistical  quality  control 
work  is  known  as  the  quality  control  chart. 

Fig.  1  shows  one  of  the  quality  control  charts 
used  at  Nickey  Brothers,  Inc.  on  the  veneer 
dryers.  The  upper  zig-zag  line  on  this  chart 
is  called  the  average  line.  A  sample  of  four 
specimens  of  veneer  is  taken  from  the  dryer. 

The  moisture  content  of  the  specimens  is  obtained 
by  the  oven  method  in  a  few  minutes,  and  the 
average  moisture  content  calculated  and  plotted 
on  the  chart.  Each  point  on  this  line  represents 
one  such  average,  obtained  roughly  once  an  hour. 
The  dotted  lines  represent  limits,  which  are  cal¬ 
culated  by  a  simple  formula,  between  which  the 
averages  should  lie. 

Notice  that  the  chart  extends  horizontally  in 
3  sections.  The  first  section  indicates  a  period 
of  relatively  poor  control.  Data,  taken  at  the 


time  the  moisture  samples  were  obtained,  indi¬ 
cate  that  the  foremen  were  varying  the  speed 
of  the  dryer  too  much.  This  matter  was  dis¬ 
cussed  with  the  various  production  personnel 
concerned  and  after  a  period  of  time  a  state 
of  control  represented  by  the  center  section  of 
the  chart  was  obtained.  The  assignable  cause, 
that  is  excessive  change  in  speed  setting,  had 
been  considerably  reduced. 

However,  it  was  felt  that  some  change  in 
speed  was  justifiable  when  both  temperature 
and  width  of  flitch  changed  somewhat.  By  sta¬ 
tistical  methods  a  formula  was  derived  relating 
the  four  variables,  speed,  temperature,  width, 
and  moisture  content.  This  formula  was  used 
to  set  the  speed  for  each  flitch  and  when  this 
method  of  running  the  dryer  was  used,  the  last 
section  of  the  chart  was  obtained.  Thus,  it  is 
possible  to  reduce  the  variability  by  taking  into 
account  the  assignable  causes  of  varying  widths. 

The  bottom  zig-zag  line  on  the  chart  represents 
the  range  or  difference  between  the  highest  and 
lowest  moisture  contents  of  the  four  specimens 
within  the  sample.  The  dotted  line  on  this  range- 
with-samples  chart  represents  an  upper  limit 
which,  when  exceeded,  indicates  than  an  assign¬ 
able  cause  of  variation  is  present. 

The  middle  zig-zag  line  represents  the  dif¬ 
ference  between  succeeding  averages.  This 
range-between-samples  chart  also  has  an  upper 
limit.  This  chart  is  used  to  calculate  the  limits 
for  the  average  chart.  Limits  calculated  from 
the  range  between  samples  allow  a  certain  varia¬ 
tion  from  flitch  to  flitch  to  take  place.  We  feel 
that  such  variation  is  inevitable  and  originates 
from  some  logs  being  relatively  easy  to  dry 
while  others  are  not.  Thus,  the  assignable 
cause  of  variation  among  logs  cannot  very  well 
be  eliminated  and  so  we  use  limits  to  permit 
this  variation.  When  these  limits  are  exceeded, 
however,  some  other  assignable  cause  is  most 
likely  exerting  its  influence. 

In  addition  to  the  problem  of  striving  for  all 
points  on  the  charts  to  fall  within  limits  to  get 
assurance  of  uniformly  produced  products,  there 
is  the  problem  of  the  detection  and  disposal  of 
material  not  meeting  specifications.  When  a 
process  is  made  to  be  in  a  state  of  control,  the 
chance  of  producing  inferior  material  is  mini¬ 
mized.  But  keeping  the  chart  goes  hand  in 
hand  with  the  search  for  out-of-tolerance  ma¬ 
terial.  * 
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With  veneer,  material  of  excessive  moisture 
content  can  often  be  easily  detected  and  can  be 
handled  without  much  loss  in  time.  Thus,  some¬ 
times  wet  wood  is  just  re-run  through  the  dryer. 

LUMBER  DRYING 

With  lumber,  on  the  other  hand,  a  lot  of  wood 
of  excessive  moisture  content  is  not  so  easy  to 
detect  before  it  is  run  into  the  mill.  The  elec¬ 
tronic  edge  gluer,  however,  will  detect  it  easily, 
but  too  late. 

Hence,  we  sample  each  bunk  of  lumber  enter¬ 
ing  our  dimension  mill,  using  a  moisture  meter, 
and  the  bunk  is  accepted  or  rejected  on  the  evi¬ 
dence  found  in  the  sample.  Fig.  2  shows  our 
record  kept  at  the  skip  planer  in  our  dimension 
mill.  Here  each  dotted  line  on  the  chart  repre¬ 
sents  moisture  meter  readings  from  a  bunk  of 
lumber.  The  point  on  the  extreme  left  repre¬ 
sents  the  total  of  five  meter  readings  obtained 
for  specimens  taken  from  one  layer.  After  a 
few  layers  are  run,  five  more  readings  are 
taken,  their  total  computed  and  added  to  the 
first  total,  giving  the  figure  to  be  plotted  as 
second  point  on  the  dotted  line.  Similarly, 
other  points  are  plotted. 

As  long  as  the  line  is  in  Area  2  on  the  chart, 
additional  samples  are  required.  When  the  line 
enters  Area  1,  the  sample  indicates  the  bunk  is 
dry  enough  to  run,  allowing  5  percent  of  the 
lumber  with  a  moisture  content  above  10  percent 
in  this  case. 

When  the  dotted  line  enters  Area  3,  the  sample 
indicates  that  15  percent  of  the  lumber  is  above 
10  percent  moisture  content,  our  reject  limit 
for  lumber  to  be  glued  up.  When  the  line  enters 
Area  4,  the  sample  indicates  that  15  percent  of 
the  lumber, is  over  11  percent  moisture  content, 
our  reject  limit  for  lumber  which  will  not  be 
glued  up.  Area  5  corresponds  to  15  percent  of 
the  lumber  over  12  percent  moisture  content,  a 
value  well  over  our  reject  limit. 

In  this  work  the  limits  have  been  worked  out 
with  the  superintendent  and  foreman  involved. 
However ,  the  decision  of  accepting  or  rejecting 
the  bunk  rests  with  production.  Several  factors 
are  taken  into  account  at  the  time  the  decision 
is  made.  One  of  these  is  that  the  moisture  meter 
used  indicates  a  higher  moisture  content  than 
that  obtained  by  the  oven  method  due  to  uneven 
distribution  of  moisture  through  the  thickness  of 
the  board,  and  especially  when  large  surface 
moisture  exists.  Whenever  the  dotted  line  on 
the  chart  enters  a  reject  area,  a  small  section 
is  cut  from  the  board  where  the  meter  indicates 
a  high  moisture  content  in  order  to  help  in  taking 
account  of  the  above  characteristics  of  the  mois¬ 
ture  meter.  Then,  depending  upon  the  urgency 


of  the  situation,  this  piece  is  either  oven-dried 
for  moisture  determination  or  cut  into  slices 
on  a  bandsaw  to  determine  the  moisture  gradient 
through  the  thickness  of  the  piece  by  obtaining 
meter  readings  on  the  surface  of  each  slice. 

While  the  test  is  being  made,  no  lumber  is  run 
into  the  mill  from  the  corresponding  bunk,  ex¬ 
cept  during  the  beginning  of  an  oven  check  on 
lumber  on  the  borderline  of  the  upper  limit, 
since  this  test  requires  very  little  time. 

The  system  just  described  has  been  found  to 
be  very  satisfactory  in  preventing  lumber  of 
excessive  moisture  content  from  being  run  into 
the  mill.  Also,  the  possibility  of  rejecting  bunks 
of  satisfactory  moisture  content  has  been  mini¬ 
mized. 

In  addition  to  this  accepted  sampling  of  lumber, 
control  charts  are  kept  as  a  measure  of  dry-kiln 
performance.  Fig.  3  is  a  duplicate  of  one  of 
the  charts  kept  on  oak  lumber.  Each  point  on 
the  average  line  is  the  average  of  the  first  25 
meter  readings  obtained  on  a  bunk.  The  range- 
between-average  line  shows  the  difference  be¬ 
tween  two  succeeding  averages,  and  is  used  to 
calculate  limits  on  the  average  chart.  Vertical 
lines  are  drawn  above  and  below  each  point  on 
the  average  line  from  the  highest  to  the  lowest 
average  of  five  readings  taken  on  the  bunk.  One 
line  is  drawn  on  the  chart  representing  an  upper 
limit  for  these  vertical  lines  and  lines  longer 
than  this  standard  indicate  out^of-control  condi¬ 
tions  which  should  be  investigated. 

Assignable  causes  of  variation  are  not  always 
easy  to  find  in  dry-kiln  operation,  but  we  find 
that  picking  up  of  moisture  in  the  dry  shed  is 
a  frequent  one.  Usually  each  bunk  or  kiln  load 
is  dried  quite  uniformly.  But  some  variation 
from  one  kiln  to  another  is  found  without  a  con¬ 
sistent  pattern  of  any  certain  kilns  producing 
out-of-control  points  on  the  chart,  although  this 
was  found  to  be  the  case  at  one  time.  This  seems 
to  indicate  that  the  selection  of  samples  used  in 
operating  the  kiln  contributes  to  the  variability. 
Air -dried  lumber  which  is  partially  sorted  for 
grade  prior  to  kiln  drying  is  apt  to  contain  boards 
of  widely  different  moisture  contents,  and  since 
the  kiln  operator  uses  the  boards  selected  as 
samples  to  judge  the  moisture  content  of  the 
entire  kiln  load,  the  final  moisture  content  of 
the  lumber  depends  upon  the  moisture  of  the 
sample  boards. 

CONCLUSIONS 

Statistical  quality  control  can  be  of  great  help 
in  assisting  an  organization  in  continually  im¬ 
proving  the  uniformity  of  their  products,  especi¬ 
ally  with  respect  to  lumber  and  veneer  drying. 
Quality  control  is  a  sensitive  device  which  can 
be  used  to  determine  when  assignable  causes 
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contribute  to  the  variability  of  a  product,  and 
can  isolate  certain  patterns  of  variation.  This 
information  can  be  used  to  take  action  to  elimin¬ 
ate  the  assignable  causes  and  make  a  more  uni¬ 
form  product. 

The  state  of  statistical  control  is  a  difficult 
one  to  attain  in  a  production  process,  and  once 
attained,  there  is  no  positive  assurance  that 
some  assignable  cause  will  not  appear  and  throw 
the  process  out  of  control.  While  constant  check¬ 
ing  by  control  charts  can  be  used  to  check  up  on 
this  event,  acceptance  sampling  may  also  be  used 


to  make  sure  that  the  risk  of  allowing  rejectable 
material  to  enter  the  production  stream  can  be 
made  as  small  as  allowable. 

Statistical  quality  control  is  not  the  entire 
answer  to  quality.  It  is  only  a  guide,  but  a  very 
efficient  guide.  If  uniform  quality  is  to  be 
attained,  it  must  be  built  into  the  product  and 
assignable  causes  of  excessive  variation  must 
be  found  and  eliminated.  Using  statistical  quality 
control  in  this  work  as  a  guide  is  better  than  any 
inefficient  hit  or  miss  methods. 


Flg»  2.-  Aeceptatice-SMiiDlln^  Plan  for  lancer  tolature  Content 

Aeo-tptable  bunk  above  10^  M.  C.  -  Area  (I) 

flby>  above  1(9>  M.  C.  -  area  (S) 
above  llji  M.  C.  -  Area  (4) 
lejC  above  12^  M.  C.  -  Area  (6) 

Area  (2)  -  Contixme  Cheoklnr; 


For  Reference:  Techniques  of  Statistical  Analysis  by  Columbia  Research  Group,  KcGraw  Hill,  p.  423 
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Tolerances  and  Precision  in  Machining  of  Wood 

D.  M.  ROSE,  D.  M.  Rose  and  Company,  Knoxville,  Tenn. 


Tolerance  in  terms  of  thousandths  of  an 
inch  that  can  be  maintained  in  the  machin¬ 
ing  of  wood  sounds  unbelievable  when  we  pause 
to  think  about  wood  with  its  inherent  qualities 
of  instability,  a  material  that  is  never  in  a 
state  of  repose,  constantly  on  the  move,  and 
changeable  as  the  weather.  Wood  is  one  of 
the  primeval  materials  that  serve  man.  Wood 
is  most  widely  distributed,  best  known,  most 
universally  used,  however  least  understood 
because  it  is  the  most  abused  of  all  materials. 
Maybe  this  is  taken  for  granted,  as  it  is  the 
only  one  of  our  natural  resources  that  is  renew¬ 
able  and  self-perpetuating  if  given  just  half  a 
chance. 

Peculiar  though  it  may  seem,  the  control  of 
the  variations  that  develop  tolerahces  in  the 
machriing  of  wood  originates  in  the  tree.  This 
control  is  complicated  by  manufacturing,  seas¬ 
oning,  and  kiln-drying  of  the  lumber.  Further¬ 
more,  trees  are  like  people;  no  two  are  alike. 
Utilizers  of  wood  are  confronted  with  additional 
problems,  such  as  created  by  second-growth 
timber.  Here  again,  like  people,  lumber  de¬ 
rived  from  small  immature  timber  does  not 
know  how  to  behave.  It  is  full  of  sap.  It  warps 
and  twists  around  and  will  not  stay  put.  This 
alone  increases  cost  due  to  factory  spoilage 
and  waste,  and  makes  a  contribution  to  dif¬ 
ficulties  and  problems  in  machining. 

It  is  startling  to  say  that  with  all  these  vicis¬ 
situdes  of  wood,  the  woodworking  industry  can 
and  does  work  to  as  close  a  tolerance  and  pre¬ 
cision  as  the  automotive  industry.  Thus,  even 
jointed  knife  marks  which  can  be  hardly  meas¬ 
ured  and  variations  in  veneer  which  cannot  be 
measured  or  seer  until  the  finishes  are  applied 
are  eliminated.  Using  micrometers  in  meas¬ 
uring  wood  after  what  has  just  been  said  about 
wood  sounds  more  than  crazy  and  in  all  pro¬ 
bability  is  crazy.  Nevertheless,  we  got  a 
S.  A,  Woods  hardwood  matcher  and  did  just 
that.  We  "miked"  piece  after  piece  and  con¬ 
tinuously  got  the  same  answers  for  the  varia¬ 
tions  in  width  of  the  2-1/4  inch-wide  pieces  of 
wood.  These  variations  ranged  from  practically 
nothing  to  seven  thousandths  of  an  inch  which 
equals  about  the  thickness  of  three  sheets  of 
ordinary  writing  paper. 

CONTROL  OF  FLOORING 
DIMENSIONS 

Why  do  these  variations  exist?  What  causes 
or  creates  the  differences  in  different  pieces? 


Could  they  be  due  to  variations  in  texture  and 
hardness,  in  addition  to  the  peculiarity  of 
cutter  action,  or  could  they  be  the  results  of 
a  combination  of  all  of  the  above  factors  ?  In 
order  to  investigate  this  theory,  we  selected 
from  second-growth  timber  pieces  of  old- 
growth  soft-textured  and  hard-textured  white 
oak.  We  ran  the  pieces  through  the  Woods 
matcher,  alternating  one  soft  piece  with  a 
hard  piece.  With  micrometers,  we  determined 
that  all  the  soft  pieces  measured  approximately 
2-1/4  inches  and  that  all  the  hard  pieces  meas¬ 
ured  approximately  seven  thousandths  beyond 
the  2-1/4  inch  width. 

Whether  right  or  wrong,  it  was  concluded 
that  the  cutter  cut  through  the  soft  pieces.  In 
machining  the  hard  pieces,  the  wood  springs  or 
gives  as  a  result  of  the  cutter  action.  Hard 
pieces  cause  more  friction  which  results  in 
more  heat  that  expands  the  metal.  The  result¬ 
ing  increased  thrust  causes  shifting  of  the  oil 
film  around  the  mandrel.  Thus,  we  are  in¬ 
clined  to  think  that  all  these  combinations  and 
maybe  additional  ones  create  the  above  varia¬ 
tions  during  machining  if  this  type  of  wood¬ 
working  equipment  with  opposite -side  heads 
is  used.  Alternately  placed  top  and  bottom 
heads  cannot  work  to  close  tolerances.  Thus, 
moulders  with  alternately  placed  top  and  bot¬ 
tom  heads  and  staggered  side  heads  and  the 
condition  of  the  lumber  to  be  machined  have 
their  effects  on  and  arCinducive  to  increase 
variations  in  dimensions. 

It  might  be  interesting  to  learn  of  what  was 
developed  from  the  above  information  on  varia¬ 
tion  in  width  of  flooring  made  with  the  S.  A. 
Woods  hardwood  matcher.  A  moisture-meter 
gauge  was  designed  that  indicates  any  changes 
in  width  created  in  hardwood  flooring  by  ab¬ 
sorption  of  moisture.  The  instrument  made 
from  tool  steel  resembles  a  tuning  fork  with 
the  base  of  the  throat  milled  to  exactly  2-1/4 
inches.  It  is  outwardly  gradually  tapered  to 
1/32  inch  at  the  tip  ends  of  the  prongs.  Each 
tool  is  separately  calibrated  with  a  ground 
steel  block  that  measures  seven  thousandths 
inch  beyond  2-1/4  inches.  After  slipping  this 
block  between  the  prongs,  the  two  prongs  are 
marked  where  the  block  comes  to  rest.  This 
calibration  is  necessary  as  steel  also  has  its 
own  peculiarities. 

With  this  tool  one  can  check  any  change  in 
hardwood  flooring  created  by  change  in  mois¬ 
ture  content  under  warehouse  storage  or 
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otherwise.  This  checking  can  be  accomplished 
without  even  breaking  a  bundle.  In  addition, 
the  tests  are  conducted  at  the  most  exposed 
places  where  the  first  and  greatest  changes 
occur. 

The  prongs  of  the  tool  are  slipped  above 
tongue  and  groove  over  the  ends  of  the  pieces 
in  the  bundle.  If  the  tool  slips  up  to  and/or 
past  the  calibration  point,  no  dimensional 
change  is  observed  as  a  result  of  possible 
moisture  absorption.  If  the  tool  will  fit  tightly 
before  the  flooring  reaches  the  calibration 
marks,  a  change  is  found  in  the  moisture  con¬ 
tent  of  the  flooring.  This  condition  can  easily 
be  corrected  by  application  of  some  additional 
heat,  until  the  flooring  dries  and  shrinks  to 
its  original  dimension.  Absorbed  free  mois¬ 
ture  is  readily  given  up  from  the  ends  of  the 
flooring  which,  thus,  quickly  returns  to  its 
original  size.  If  the  flooring  fits  loosely  in  the 
tool,  there  was  too  much  heat  which  may  be 
turned  off  until  the  flooring  returns  to  normal 
size. 

Of  course  over-  and  under-size  can  also 
indicate  mis -manufacturing.  Under -size  can 
indicate  faulty  kiln-drying  and  would  be  deter¬ 
mined  by  tightening  of  the  groove. 


This  tool  gives  an  easy  check  as  to  whether 
or  not  anything  is  wrong  with  the  flooring  any¬ 
time  before  it  is  laid.  After  it  is  laid,  such  a 
finding  is  too  late.  There  is  no  cutting  and 
weighing,  drying  and  re-weighing,  and  calcula¬ 
ting  to  obtain  moisture  content  since  we  are 
only  interested  in  changes  after  application  of 
tongue  and  groove. 

Even  the  architect's  office  boy  may  now  do 
a  job  his  boss  has  tried  to  do  for  years,  that 
is  to  eliminate  those  cracks  which  are  so  pre¬ 
valent  in  most  oak  floors  and  have  caused 
architects  and  their  clients  continuous  head¬ 
aches.  For  it  is  said  that  architects  are  like 
graduates  from  the  good  old  Harvard  University 
in  Boston,  "You  can  tell  them  as  far  as  you  can 
see  them,  but  you  cannot  tell  them  much.  " 

Wood  is  the  most  abused,  misplaced,  ill- 
used,  and  least  cared  for  material.  Yet,  in 
spite  of  us  in  the  wood-utilization  business, 
it  is  still  being  used  for  it  has  an  intrinsic 
value,  character,  warmth,  friendly  inviting 
appeal  of  individuality,  and  dignity  that  we, 
in  spite  of  ourselves,  have  been  unable  to  des¬ 
troy  as  of  today. 


ERVATION 

WOOD 

DECAY  or  ROT  WARPING 

FUNGUS  STAIN  SWELLING 
TERMITES  GRAIN  RAISING 
LYCTUS  BEETLES  SHRINKING 
CARPENTER  ANTS  CHECKING 

A  clean  penetrating  water  repellent  preservative  of  the  highest  quality  that  stays 
in  the  wood.  It  resists  leaching  by  moisture  and  retains  maximum  water  repellent 
efficiency  under  adverse  conditions.  Used  on  structural  lumber  and  millwork,  cabinet 
work,  sheathing,  flooring,  shipping  containers,  and  many  other  wood  items. 

Protection  Products  Manufacturing  Co. 

KALAMAZOO  99,  MICHIGAN 
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ASBESTOS  CEMENT  PIPE  FOR  OVERHEAD 
PIPING  SYSTEMS,  By  Carl  W.  Ziegenbusch, 
TAPPI  Vol.  33,  No.  1,  p.  25  January  1950 
Typical  manufacturing  methods  practiced 
for  asbestos  cement  pipe,  a  description  of 
a  few  of  the  successful 'couplings  used,  a  brief 
listing  of  popular  fittings,  and  the  practices 
followed  and  results  obtained  in  using  this 
pipe  in  overhead  services  in  the  Chillicothe 
Division  of  the  Mead  Corporation  are  covered 
in  this  paper.  Description  of  how  the  pipe  is 
threaded  and  flanged  as  well  as  the  most  impor¬ 
tant  details  of  installation  are  particularly 
stressed.  When  and  why  connections  other 
than  the  screwed  flangs  are  used.  When  to  use 
asbestos  cement  pipe  and  when  not  to  i^se  it. 
Conclusions  reached  as  to  continuing  use  of 
this  kind  of  pipe  and  flanged  coupling. 

THE  LOGGER  AND  ROAD  BUILDING  MA¬ 
CHINERY,  by  W.  E.  McCraw,  Timber  of 
Canada  10  (10):  25-29  June  1950 
Loggers  are  checking  operating  costs  for  pos¬ 
sible  savings.  One  phase  lending  itself  to  distinct 
savings  is  in  road  building  costs  both  in  construc¬ 
tion  costs  per  mile  and  in  hauling  cost  per  ton- 
mile.  Permanent  graded  roads  are  a  prime  re¬ 
quisite  for  sound  management  in  most  forest 
regions  and  justify  the  cost  of  installation  and 
maintenance.  A  wide  range  of  modern  road¬ 
building  machinery,  each  piece  designed  to  do 
a  particular  job  most  efficiently,  is  now  available 
to  the  logger.  The  most  commonly  used  equip¬ 
ment  is  the  tractor-bulldozer  with  straight  or 
angling  blade.  It  is  designed  primarily  for  the 
"Power  Zone"  in  earthmoving,  where  speed 
cannot  be  applied,  but  where  maximum  push  or 
pull  horsepower  is  required.  It  is  considered 
that  300  feet  one-way  is  the  limit  of  economical 
yardage.  The  "Slow  Speed  Hauling  Zone,  "  the 
zone  of  earthmoving  in  cuts  and  fills,  is  similar 
to  the  first  in  that  power  rather  than  speed  is 
required.  The  equipment  for  this  zone  is  the 
tractor  scraper  for  which  the  economical  limit 
of  yardage  is  2,000  feet.  Beyond  this  the  rubber- 
tired  tractor  and  scraper  becomes  most  econom¬ 
ical.  This  is  the  "High  Speed  Hauling  Zone.  " 
Motor  graders  and  auxiliary  equipment  for 
loosening  bouldery  dirt  to  increase  pay  yardage 
are  essential.  In  considering  a  road  building 
program,  road  costs  must  be  balanced  against 
hauling  costs  to  yield  the  minimum  hauling  costs 
per  ton-mile  or  per  unit  of  logs.  Similarly  the 
relative  costs  of  doing  the  job  with  each  type  of 
equipment  must  be  analyzed  and  the  most  econ¬ 
omical  equipment  selected.  The  author  presents 
tables  to  assist  in  such  a  selection  and  a  sample 
cost  analysis  based  thereon. 

--J.  Elton  Lodewick 


CHARGE  TO  RUST— MILLIONS  OF  DOLLARS 
ANNUALLY,  by  Fuller  Ross,  Timber  of 
Canada  10  (8):  28-30,  70  April  1950 
Authorities  conservatively  estimate  that  loss 
through  rust  requires  the  annual  replacement 
of  about  2  percent  of  the  metals  in  service. 

The  total  annual  loss  to  America  attributable 
to  repair  and  replacement  of  underground 
structures  plus  the  cost  of  lost  commodities, 
lost  income  and  contingent  losses  attributable 
to  corrosion  is  estimated  at  one  billion  dollars. 

Earliest  investigations  of  corrosion  preven¬ 
tion  date  back  nearly  a  century;  progress  has 
been  made  along  two  general  lines.  One  has 
been  directed  toward  the  development  of  iron 
alloys  which  offer  greater  resistance  to  cor¬ 
rosion;  the  other  has  been  directed  toward  the 
preservation  of  existing  structures  by  means 
of  protective  coatings. 

Nickel  and  chromium  alloys  are  best  known 
and  widely  used  in  industrial  service.  Their 
relatively  high  cost,  however,  removes  them 
from  consideration  in  the  average  application 
to  structural  use.  To  withstand  severe  condi¬ 
tions  copper -bearing  steel  is  often  used,  and 
aluminum  is  finding  favor  for  some  uses. 

There  still  remains,  however,  a  large  ton¬ 
nage  of  commercial  and  transport  iron  and  steel 
to  be  protected  against  disintegration.  Painting 
usually  with  linseed  oil  as  a  vehicle  for  the 
pigment,  is  successful  if  the  surfaces  are  pro¬ 
perly  prepared  by  removal  of  mill  scale,  rust 
and  grease;  the  main  handicap  is  the  heavy  ex¬ 
pense  imposed  by  the  cleaning  operation.  In¬ 
dustrial  chemists  have  found  that  pre-oxidized 
fish  oil  can  be  applied  directly  over  the  rust 
surface  and  provides  a  satisfactory  pigment 
vehicle.  Years  of  research  have  been  necessary 
to  bring  fish  oil  coating  to  its  present  efficiency; 
to  remove  objectionable  odoi  and  to  develop  a 
film  which  would  dry  to  touch  within  four  to 
eight  hours.  One  advantage  of  the  fish  oil  base 
coating  is  said  to  be  its  ability  to  penetrate  the 
pores  of  the  metal  and  carry  along  the  pigment 
to  the  clean  under  surface,  and  that  the  oil  and 
pigment  merge  the  rust  into  the  film  of  the  coat¬ 
ing.  --J.  Elton  Lodewick 

THE  MECHANICAL  PROPERTIES  OF  PAPER- 
BASE  LAMINATES,  by  M.  P.  Seidel,  TAPPI 
Novernber  1950,  Vol.  33,  No.  11,  p.  549 
Phenolic  resin-bonded  laminates  were  made 
using  saturation-type  papers  of  eight  different 
commercial  pulp  stocks.  These  papers  were 
of  comparable  thickness,  high  porosity,  low 
density,  and  minimum  grain.  The  properties 
studied  were  tensile,  flexural,  impact,  and 
bond  strengths.  Significant  differences  due  to 
fiber  orientation,  length,  and  refining  were 
observed.  — A.  J.  Snyder 


166 


Join  the  “sidewalk  superintendents”  and 
you’ll  see  what  building  gives  America.  On 
every  hand,  new  construction  .  .  .  homes,  fac¬ 
tories,  office  buildings.  Here’s  progress  that’s 
tangible  .  .  .  permanent .  .  .  seeable.  Progress 
that  springs  from  brains,  ingenmty,  sweat 
—  and  chemicals. 

Chemicnls  have  many  applications  to  build¬ 
ing  materials — add  numerous  improvements 
and  economies.  But,  chemicals  themselves 
are  hard  to  see,  since  they  are  built  into 
materials  that  are  built  into  buildings.  Their 
use  extends  from  far  below  the  ground  line 
to  far  above  it. 

The  useful  life  of  dimension  lumber  and  heavy 
structural  timber,  for  example,  is  greatly 


fer  greater  resistance  to  abrasive  wear  when 
chemically  treated — they  last  longer  because 
they  stand  up  better  underfoot. 

Plastics  find  wide  use  in  wall  coverings, 
switch  plates,  fluorescent  fixture  bodies  and 
similar  applications. 

Pulverized  wood  is  conserved  by  being  chem¬ 
ically  bonded  and  pressed  into  useful  service. 

In  these,  and  numerous  other  ways,  the  bene¬ 
fits  of  chemistry  accrue  to  owners,  architects, 
engineers,  contractors  and  manufacturers  of 
building  materials  and  supplies.  They  are 
benefits  that  go  on  and  on,  as  buildings  go  up 
and  up.  MONSANTO  CHEMICAL  COMPANY, 
Organic  Chemicals  Division,  1700  S.  Second 
Street,  St.  Louis  4,  Missouri. 


increased  by  treating  mate¬ 
rials  with  Monsanto  Penta 
preservative.  The  same  ap¬ 
plies  to  poles,  millwork  and 
insulating  board. 

Concrete  forms,  made  of 
plywood,  can  be  used  over 
and  over  because  of  the 
extra  strength  of  chem¬ 
ically  formulated  glues 
which  meet  all  requirements 
of  adhesion  and  resistance 
to  exposure. 

Many  flooring  materials  of- 


MONSANTO  PRODUCTS  FOR  THE 
lUILDING  INDUSTRY — Penta 
preservative  for  wood  .  .  . 
Plywood  glues  . . .  Rez,  wood 
sealer  and  primer  .  .  .  White 
Rez,  for  bleached  effects  .  .  . 
Resinox*  phenolic  industrial 
resins  .  .  .  Resinox  phenolic 
molding  compounds  .  .  . 
Resimene*  melamine  indus¬ 
trial  resins  .  .  .  Resimene 
melamine  molding  com¬ 
pounds  .  .  .  Santocel,*  flat¬ 
ting  agent.  •Reg.  U.  S.  pat.  Off. 


SERVING  INDUSTRY.  ..WHICH  SERVES  MANKIND 
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THE  OPERATION  AND  APPLICATION  OF  A 
ROTARY  GRAVITY  FILTER,  by  J.  K.  Perkins 
TAPPI  October  1950,  Vol.  33,  No.  10,  p.  513 
The  Waco  Filter  was  invented  in  Sweden  in 
1939  and  tested  in  this  country  in  1948  on  a  num¬ 
ber  of  different  types  of  paper  mill  waters.  It 
may  be  used  as  a  catchall  on  industrial  effluents 
where  large  volumes  are  discharged,  thereby 
reducing  stream  pollution  from  pulp  and  paper 
mills,  textile  mills,  chemical  industries,  etc. 

In  many  cases  the  filter  can  deliver  effluents  to 
the  sewer  with  the  efficiency  of  a  sedimentation 
system  using  chemical  flocculents.  In  pulp, 
paper  and  wallboard  mills  the  filter  is  used 
within  the  forming  machine  system  to  recover 
fibers  in  the  white  water  and  it  renders  filtrates 
normally  suitable  for  showers  and  overflow  to 
the  sewer .  As  a  water  filter  suspended  solids 
are  removed  with  the  efficiency  of  a  straight 
sand  filter.  The  Waco  filter  is  a  rotary  gravity 
filter  covered  with  a  traveling  wire  cloth  similar 
to  that  on  a  paper  machine.  The  filtration  is 
not  done  by  the  wire  alone ,  but  by  a  thin  filter 
medium  formed  in  advance  on  the  wire  before 
it  enters  the  liquid  containing  suspended  solids 
to  be  removed.  The  preformed  coat  of  filter 
medium  on  the  wire  does  the  filtration  and  no 
influent  passes  through  the  bare  wire.  In  most 
cases  the  filter  medium  is  a  layer  of  wood  pulp. 

--A.  J.  Snyder 

TETRAFLUOROETHYLENE  RESIN  IN  PROCESS 
EQUIPMENT,  by  D.  H.  Hanson,  TAPPI 
November  1950,  Vol.  33,  No.  11,  p.  541 
Since  its  first  uses  in  gaskets  and  packings 
for  chemical  process  equipment,  "Teflon"  tetra- 
fluoroethylene  resin  has  been  applied  in  a  variety 
of  places  in  the  process  industries.  The  product 
is  completely  inert  to  practically  all  chemicals 
and  solvents,  has  outstanding  heat-resistance 
and  electrical  properties,  and  has  an  unusual 
ability  to  resist  sticking  of  very  tacky  materials. 
Discovered  ten  years  ago,  this  resin  is  now  in 
commercial  production  and  has  a  bright  future 
in  many  industrial  uses.  --A.  J.  Snyder 

DIGESTER  CORROSION,  by  Thomas  C.  Johnson 
TAPPI  October  1950,  Vol.  33,  No.  10,  p.  481 
A  study  of  the  corrosion  problems  experienced 
in  20  digesters  at  the  Union  Bag  and  Paper  Cor¬ 
poration,  Savannah  plant  is  presented.  Although 
the  original  digester  service  was  from  12  to  14 
years,  newer  digesters  installed  in  1947  and 
1948  appear  to  be  corroding  so  rapidly  that  a 
life  of  3  to  5  years  is  all  that  can  be  e3q>ected. 

All  digesters  have  been  operated  under  the  same 
service  conditions.  Methods  for  measuring  rate 
corrosion  and  inspecting  digesters  are  disucssed, 
The  problem  of  digester  corrosion  seems  to  be 
one  which  cannot  easily  be  solved  by  one  mill 
and  calls  for  considerable  additional  study. 

—A.  J.  Snyder 


TIMBER  HARVESTING  IN  WESTERN  AUSTRALIA 
The  Australian  Timber  Journail  16  (5);  309 
June  1950 

In  order  to  facilitate  improvement  in  the 
housing  situation  in  Western  Australia,  the 
Government  has  agreed  to  continue  its  subsidy 
on  the  hauling  of  timber  by  truck  in  areas  where 
it  is  inconvenient  for  the  Railroad  Commission 
to  furnish  the  transportation.  The  action  was 
prompted  by  a  survey  that  revealed  huge  tonnages 
of  accumulated  timber  at  lower  South  Wziles  mills 
await  transportation  to  Perth  and  its  metropolitan 
area. 

In  order  to  stabilize  building  costs  the  State 
Arbitration  Court  decided  to  make  no  changes 
in  the  basic  wage  scale. 

Officials  of  the  Western  Austradian  Railways 
Department  have  issued  an  order  for  the  re¬ 
habilitation  of  rolling  stock  of  the  railroauls. 

It  is  expected  that  new  engines  and  cars  will  do 
much  in  speeding  up  traffic  and  moving  timber 
from  the  mills  to  the  building  sites. 

Australian  labor  is  being  recruited  for  the 
timber  industry.  The  Forestry  Department 
has  opened  a  training  school  for  fellers  and 
sawmillers  to  overcome  critical  labor  shortages. 
In  order  to  offset  labor  shortages,  mechanized 
means  are  being  installed  for  the  handling  of 
the  timber  in  the  loading  and  unloading  stations. 
Mobile  cranes  auid  hoists  are  proving  satisfactory 
since  they  release  the  trucks  sooner  and  thereby 
increase  the  daily  hauling  capacity  of  the  trucks 
and  the  railroads.  —Geo.  J.  Ritter 

WOOD  REQUIREMENTS  FOR  SHIPBUILDING 
by  John  G.  Kuenzel  (U.  S.  Bur.  -Ships). 

Paper  presented  at  NRC-ONR  Wood  Sympos¬ 
ium,  Washington,  D.  C.  1949. 

Lumber  for  ship  decking  must  be  of  highest 
quality,  i.  e.  ,  straight  grained  and  free  of  knots, 
imperfections,  or  blemishes  on  the  upper  face 
and  along  caulking  edges.  The  qualities  of  teak 
as  a  decking  material  have  not  been  equalled 
by  any  known  natural  or  synthetic  material. 

Solid  teak  is  seldom  used  at  the  present  time 
because  of  its  high  cost  and  limited  availability, 
but  is  applied  as  a  laminate  to  a  Douglas  fir 
undersurface.  A  thickness  from  3/4  to  1-1/2 
inches  is  used  depending  on  whether  the  wood 
is  intended  for  decking  or  for  margins. 

Numerous  tropical  American  and  African 
hardwoods  have  been  tested  both  at  Naval  labor¬ 
atories  and  under  service  conditions  without 
complete  satisfaction  owing  to  excessive  weight, 
warping,  shrinkage  and  swelling,  or  imperfect 
seasoning.  Better  methods  for  selecting  and 
seasoning  certain  promising  decking  wood  from 
the  tropical  western  hemisphere  are  being  in¬ 
vestigated. 


H, 


Lardboard  machines,  engineered  and  built  by  Downingtown 
Manufacturing  Company  are  actually  designed  by  experience ...  by 
Downingtown’s  experience  as  the  leading  builder  of  b^rd  machines. 

Beginning  with  Downingtown's  exclusive  multi-pass,  flow  spreader 
headbox,  through  the  forming  machine  and  water  removal  in  the 
press  section' to  final  delivery  of  the  board,  each  operation  has  been 
designed  for  maximum  efliciency  ...  to  produce  more  tons  of  board 
for  every  horsepower  of  input. 

Downingtown  designs  and  builds  Fourdrinier  type  hardboard 
machines  to  meet  speciflc  requirements  of  various  types  of  raw  materials 
available,  the  forming  characteristics  of  the  flbres  and  the  specifica¬ 
tions  of  the  finished  board. 

Downingtown  engineers  will  survey  your  operations  to  determine  the 
type  of  machine  best  suited  to  your  requirements  whether  they  be 
for  the  utilization  of  waste  material  or  the  modernization  or  expan¬ 
sion  of  existing  facilities. 


1 .  View  of  a  large  Dovmingtown  Board  Machine  looking 
from  the  headbox  toward  the  Fourdrinier  type  forming 
section  and  the  pneumatic  cylinder  loaded  press  section. 

2.  A  typical  Downingtown  spring-loaded  Press  Section, 
showing  five  sets  of  presses,  the  first,  and  last  of  which 
use  suction  rolls  both  top  and  bottom. 

3.  This  is  an  elevation  drawing  of  a  four  foot  hardboard 
machine  with  no  suction  rolls.  The  machine  produces 
board  for  both  wet  and  dry  processes. 


Write  for  Bulletin  No.  549 
which  describes  details  of 
Downingtown  Board 
Machines 


DOWNINGTOWN  MANUFACTURING  COMPANY,  DOWNINGTOWN,  PA. 

’Pacific  Coast  Representative:  John  V.  Roslund,  Pacific  Bldg.,  Portland  4,  Oregon. 


DOWNINGTOWN 

^HAROBO^^^ 


DESIGNERS  AND  BUILDERS  OF  PAPER  MAKING  MACHINERY  SINCE  1880 
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Composite  compreg-  or  impreg-faced  decking 
specimens  compare  favorably  with  teak"  in  many 
important  strength  properties ,  volumetric  shrink¬ 
ages,  resistance  to  wear  and  splintering,  ther¬ 
mal  conductivity,  and  inflammability.  These 
composite  woods  are  equal  to  Douglas  fir  in 
weight  and  scar  less  under  impact  of  plane  land¬ 
ing  hooks.  An  experimental  compreg  decking 
has  performed  satisfactorily  for  2  years,  during 
which  time  more  than  18,000  arrested  landings 
were  made.  Disadvantages  include  increased 
cost  in  shaping  from  underneath  rather  than  on 
topside  after  installation,  rapid  dulling  of  wood¬ 
working  tools,  and  a  tendency  for  aircraft  tires 
to  skid. 

New  developments  in  decking  also  include 
resin  treatment  of  various  domestic  woods, 
honeycomb  and  sandwich  assemblies,  and 
Fibron,  a  low  density,  inexpensive,  structural 
plastic  with  organic  amd  inorganic  filler  material. 
Portland  cement,  natural  clays,  and  thermoset¬ 
ting  resins  are  used  as  binders. 

Damage -control  shoring  members  on  all  types 
of  combatant  vessels  are  of  a  structural  1900-f 
stress  grade  Douglas  fir  or  ISOOf  stress  grade 
Sitka  spruce  which  has  been  pressure  treated 
for  high  fire  retardance  in  conformance  with 
Navy  Spec.  51-C-40  and  using  fire  retardant 
chemicals  conforming  to  the  types  1,  2,  3,  and  5 
of  Navy  Spec.  51-C-38. 

Fire-retardant  plywood  made  by  treating 
veneers  prior  to  gluing  or  by  pressure  treating 
marine -grade  plywood  panels  is  described  in 
Navy  Spec.  39-P-15. 

The  bending  quality  of  oak  is  considerably 
improved  when  end  and  side  coatings  are 
applied  to  the  freshly  cut  planks  at  the  sawmill. 
These  coatings  serve  to  restrain  the  numerous 
seasoning  checks  which  lower  the  bending  ef¬ 
ficiency  and  the  recovery  of  usable  boat  frames. 
An  excellent  side  coating  consists  of  two  coats 
of  mica  paint  formulated  from  2  pounds  of  mica, 
conforming  to  Navy  Spec.  52-M-3,  with  1  gallon 
of  spar  varnish,  conforming  to  Navy  Spec. 

52  V-12.  Side  coatings  may  be  omitted  when 
material  is  sawn  during  the  winter  months  in 
northern  latitudes  and  when  the  shipping  distance 
is  not  great.  End  coatings  are  always  required 
under  Navy  Spec.  39-0-5. 

--Prevention  of  Deterioration  Abstracts 

RESULTS  OF  EXPERIMENTS  ON  THE  EFFEC¬ 
TIVENESS  OF  VARIOUS  PRESERVATIVES  IN 
PROTECTING  WOOD  AGAINST  MARINE- 
BORER  ATTACK,  by  J.  D.  MacLean  (U.  S. 
For.  Prod.  Lab.),  Paper  presented  at  NRC- 
ONR  Wood  Symposium,  Washington  D.  C.  1949. 
Marine  borer  tests  of  wood  preservatives 
were  conducted  during  a  period  of  approximately 
20  years  at  Gulfport,  Miss.  ,  and  35  years  at 
Pensacola,  Fla.  The  most  effective  preserva¬ 
tives  were  the  higher  boiling  creosote  oils  and 


creosote  fractions,  the  higher  boiling  water - 
gas-tar  creosotes,  and  solutions  of  coal  tar 
in  coal-tar  creosote. 

The  higher  boiling  creosotes  are  considered 
to  be  less  toxic  than  the  low  boiling  types,  but 
the  greater  permanence  of  the  former  apparently 
makes  them  more  effective.  Similarly,  creo¬ 
sotes  low  in  tar  acids  or  containing  high  pro¬ 
portions  of  tar  bases  were  found  to  be  much 
more  effective  than  creosotes  containing  high 
percentages  of  light  distillates  or  tar  acids. 

Effectiveness  and  permanence  of  treatments 
are  markedly  dependent  on  heavy  retentions  and 
deep  penetrations.  Heavy  retentions  insure 
deeper  penetrations  and  also  furnish  a  reserve 
supply  of  preservative  to  help  compensate  for 
leaching  and  washing  over  a  considerable  period. 

No  important  improvement  in  resistance  to 
borer  attack  was  evident  when  creosote  was 
fortified  with  such  chemicals  as  copper  salts, 
organic  or  inorganic  arsenic  compounds, 
carbazole,  dinitronaphthalene ,  chlorodinitro- 
benzene,  ferric  chloride,  or  high  percentages 
of  naphthalene.  The  resistance  of  creosote  to 
borer  attack  was  decreased  more  or  less  in 
direct  proportion  to  the  amount  of  paraffin  or 
montan  waoc  added  to  the  creosote  mixture. 

None  of  the  rather  large  number  of  soluble 
and  insoluble  preservative  salts  tested  offered 
protection  for  more  than  limited  periods. 

Toxic  salts  containing  metals  that  are  insoluble 
in  water  but  soluble  in  animal  digestive  fluids, 
e.  g.  ,  copper  or  arsenic  salt,  were  ineffective 
against  marine  borers. 

Petroleum  oils  afforded  very  little  protection 
against  borer  attack,  even  when  heavy  retentions 
were  used.  Solutions  of  creosote  and  petroleum 
becaune  less  effective  as  the  proportion  of  creo¬ 
sote  in  the  mixture  was  reduced. 

Several  years  may  be  required  to  show  the 
relative  value  of  preservatives  that  have  a  fair 
degree  of  resistamce  to  borer  attack.  A  few 
months'  test  will  demonstrate  the  worthlessness 
of  some,  but  others  shewing  good  results  for 
4  to  5  years  may  later  start  to  deteriorate 
rapidly.  In  addition  to  ordinary  control  speci¬ 
mens,  exposure  of  samples  treated  with  a 
standard  coal-tar  creosote  may  be  a  valuable 
yardstick  for  measuring  the  effectiveness  of 
a  preservative. 

Limnoria  and  Martesia  were  found  to  attack 
treated  wood  that  effectively  resisted  ship- 
worm  attack.  Since  Limnoria  attack  the 
surface  wood,  they  accelerate  leaching  of  pre¬ 
servatives,  and  the  shipworms  can  enter  the 
timber  earlier  than  would  be  possible  if  the 
Limnoria  attack  had  not  occurred.  Limnoria, 
shipworms ,  and  Martesia  were  all  active  as  far 
down  as  the  mud  line  in  creosoted  wharf  piling. 
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All  borers  were  apparently  more  active  in 
the  warm  months.  The  intensity  of  borer  attack 
and  the  type  of  borers  that  are  present  may  vary 
widely,  depending  on  the  location. 

--Prevention  of  Deterioration  Abstracts 

EFFECT  OF  WOOD  STRUCTURE  ON  RATE  OF 
DIFFUSION  OF  CHEMICALS  INTO  GREEN 
TIMBER,  by  G.  N.  Christensen,  Australian 
Council  for  Science  and  Industrial  Research, 

.  Division  of  Forest  Products,  Sept.  1947. 
(Australian  Science  Liaison  Office,  Washing¬ 
ton,  D.  C.  Australian  Tech.  Papers  No.  1467.) 
The  rates  of  diffusion  of  sodium  chloride, 
boric  acid,  and  sodium  fluoride  were  determined 
on  discs  of  five  Queensland  timbers  which  are 
susceptible  to  attack  by  the  powder -post  borer, 
Lyctus  brunneus.  Sodium  chloride  generally 
diffused  faster  than  the  other  two  chemicals, 
although  the  relative  order  varied  with  the  species. 

The  diffusion  of  boric  acid  in  the  radial  direc 
tion  was  2  to  4  times  faster  than  in  the  tangential 
direction  in  all  species,  probably  because  of  the 
presence  of  medullary  ray  tissue. 

The  slight  differences  in  the  diffusion  rates  of 
boric  acid  and  sodium  fluoride  indicate  that  the 
relative  merits  of  these  preservatives  depend 
on  factors  other  than  rate  of  penetration. 

Diffusion  proceeded  as  rapidly  in  heartwood 


significant.  Antibiotic  substances  produced  by 
the  growth  of  microorganisms  in  standing  water 
is  believed  to  be  responsible  for  the  increased 
fungus  resistance. 

Pine  specimens  1.  5  by  2.  5  by  5.  0  cm.  were 
soaked  in  either  standing  water  or  water  changed 
every  24  hours  for  a  period  of  6  months.  The 
specimens  were  subsequently  dried  at  room 
temperatures  for  72  hours,  heated  at  105  C.  for 
24  hours,  weighed,  and  placed  on  pure  cultures 
of  wood-rot  fungi  in  Kolle  bottles  for  3  months. 
Decrease  in  weight  indicated  the  stage  of  decay. 

Specimens  which  had  been  soaked  in  standing 
water  were  readily  attacked  by  Coniophora 
cerebella,  but  scarcely  at  all  by  Lentinus  lepideus, 
Lenzites  sepiaria,  and  Trametes  serialis.  The 
inhibition  of  Lentinus  lepideus  is  significant  because 
this  fungus  is  especially  resistant  to  several 
organic  and  inorganic  wood  preservatives. 

Microorganisms  which  grew  in  the  standing 
water  could  not  have  had  a  direct  effect  on  this 
fungus  inhibition,  since  all  specimens  were 
heated  to  105  C.  before  the  fungus  inoculation. 

Two  test  series  made  at  an  interval  of  10  months 
gave  similar  results  and  indicate  that  the  micro¬ 
organisms  producing  the  antibiotic  substances 
are  distributed  generally  and  that  the  effect 
of  these  substances  on  various  fungi  is  repro¬ 
ducible.  —  Prevention  of  Deterioration  Abstracts 


as  in  sapwood.  An  explanation  in  terms  of 
capillary  size  is  suggested,  but  it  is  also  pos¬ 
sible  that  the  heartwood,  in  spite  of  the  absence 
of  starch,  was  intermediate  wood. 

In  general,  the  mean  diffusion  rate  for  a  species 
increased  linearly  with  decreasing  specific  gravity. 
Individual  deviations  from  this  relationship  oc¬ 
curred  as  a  result  of  variations  in  wood  structure 
from  species  to  species. 

When  species  of  sithilar  density  were  compared 
the  tangential  diffusion  rate  of  sodium  chloride 
through  the  five  timbers  was  3  to  5  times  greater 
than  through  messmate  stringybark  (E.  obliqua 
L'Herit)  heartwood. 

The  timber  species  studied  were  white  cheese - 
wood  (Alstonia  scholaris,  R.  Br.),  northern 
silky  oak  (Cardwellia  sublimis,  F.  v.  M.), 
yellow  carabeen  (Sloanea  woolsii,  F.  v.  M. ), 
red  tulip  oak  (Tarrietia  argyrodendron,  Benth. 
var .  peralata  F.  M.  Bail),  and  brown  tulip  oak 
(T.  argyrodendron,  Benth.  ).  Diffusion  tests 
were  carried  out  at  40  C.  with  a  slightly  modified 
diffusion  cell  on  test  block  2-3/8  by  1-3/8  by 
1/4  or  3/16  inch.  The  chemicals  used  were  of 
approximately  molar  concentrations. 

--Prevention  of  Deterioration  Abstracts 

LABORATORY  TESTS  ON  THE  EFFECT  OF 
SUBMERSION  IN  WATER  ON  DECAY  OF  PINE 
(PINUS  SYLVESTRIS),  by  O.  Suolahti,  Finnish 
Paper  Trade  Jour.  30:341-3,  October  1948. 
Submersion  in  standing  water  may  have  a  sub¬ 
stantial  effect  on  improving  the  fungus  resistance 
of  wood,  but  the  effects  of  submersion  in  water 
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which  is  changed  at  24-hour  intervals  are  in¬ 
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PLyCOR 

STEEL  FRAME  HOT  PRESSES 

Here's  the  practical,  efficient  equipment  for  fast, 
economical  production  of  plywood  as  well  as  for 
making  board  from  wood  fibre  and  wood  waste. 
Solid  one  piece  steel  frames  insure  permanent 
alignment  and  even  pressure.  Available  in  a  wide 
range  of  sizes  from  one  to  twenty  openings. 


PLYCOR 

HYDRAULIC 

LUMBER 

PRESS 


speed,  low  cost 
production  of  glued-up  panels  and  core  stock  .  .  . 
a  fact  proved  by  installations  in  leading  wood* 
working  plants.  Fully  automatic  including  cut-off 
.  saw  which  automatically  cuts  panels  to  width  with¬ 
out  interrupting  operation. 

PLYCOR 

ELECTROGLUER 


Embodying  the  latest  developments  in  high  fre¬ 
quency  edge-gluing,  this  unit  insures  finest  quality 
at  high  speed  and  low  cost.  Fully  automatic  with 
conveyorized  glue  spreader. 

Writ*  for  full  details 

PiyCOR  COMPAMy 

Division  of 

EARLE  HART  WOODWORKING  MACHINE  CO. 

S65  W.  WaAinflton  BM.,  Ckkaao,  III.  RAndolph  6-4970 
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YOUR  GUIDE  TO  ADHESIVES... 


The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia* 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
.in  Perkins  has  grown  steadily  — a  de^rved  tribute  to  superior 
products  backed  by  competent  service  ^d  rigid  ethical  standards. 
When  you  use  a  Perkins  Glue  in  yf ur  operations,  you’ll  agree 
with  other  leading  woodworkers— t/iat  Perkins  serves  you  best! 


RESIN — Hot  Press  and  Cold  Press  •  LIqoid  or  Powder  Type 
CASEIN  —  A  brood  lino  to  moot  your  specific  requirement 
VEGETABLE  —  As  originated  and  perfected  by  Perkins  Glue  Co. 
ANIMAL — Reody-to-use  Liquid  •  Heat-then-use  Gel 

•  •  • 

VENSR  AND  CORE  REPAIR  COMPOUNDS  •  VENKR  SIZE 
OWE  ROOM  SPECIAITIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


RESIN 

CASEIN 


PEhKINS 


VEGETABLE 

GLUES 


ESTABLISHED  1899 

LANSDALE,  PA.  ,  ,  KITCHENER,  ONT. 
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8  SIZES  TO  HANDLE  VARIOUS  WOOD  LENGTHS. 

The  first  machine  of  its  type  to  prove  successful  in  re¬ 
moving  baric  from  pulpwood  right  at  the  logging  site,  the  new 
patented  MURCO-Adams-Claric  Portable  Baiter  is  ^e  result 
of  4^  years  of  engineering  development,  field  study  and  trials* 
Practical  pulpwo^  producers  operating  MURCOAduns-Cladc 
Portable  Barker  under  actual  field  conditions  have  proved  that 
here  is  a  machine  that  will  remove  bark  from  various  species 
of  pulpwootd  quickly  and  economically,  in  barking  Poplar, 
Spruce,  Balsam,  Hei^ock,  Cedar,  Tamarack  and  various  hard¬ 
woods,  ranging  from  3"  to  13"  in  diameter* 

All  barkers  are  furnished  either  truck,  tractor  or  skid- 
mounted*  '  Each  barker  is  carefully  designed,  thorou^ly  engi¬ 
neered  and  ruggedly  built,  with  these  outstanding  features: 


1  UNLOADING 

LOADING 

1 

Ponable  —  Semi-Portable  — 
or  Permanent  designs. 

Self-contained  power  plant  with 
reaenre  power  for  bark  conveyot, 
if  desired. 

Will  debark  all  types  of  wood  — 
straight  or  reasonably  crooked. 

Relatively  low  horsepower  re qnitements. 

Low  operating  costs. 

Eight  sizes  for  wood  from  48”  to  1 10” 
lengths.  (Larger  sizes  under  development) 

Readily  maneuverable  on  logging  site. 

Easily  loaded. 


Discharges  barked  vrood  by  gravity 
to  conveyor  or  to  ground  as  desired. 

Compact-Small  space  design  for 
the  work  performed. 

Practically  no  damage  to  the  wood, 
no  "brooming”. 

Virtually  no  vrood  loss  from  debarking 
action. 


Increased  production  —  Low  ptodncdoo  costa. 
Adaptability  to  logging  conditions.  — 

Low  Maintenance. 

Simplicity  of  operation. 

Rugged  design. 


BARKED 


LOGS 


For  rPcommcndations  quotations  Ptc  for  adapting  a.  MURCO- 
Adams-Clark  Portable  Barker  to  youf  pulpwood  operations  Complete 
details  upon  request 


Tests  by  large  pulpwood  producers  using  100"  long  wood 
show  productitm  records  of  40  cords  and  over  per  ci^t  hour 
day  with  a  skid  loader  for  feeding  the  barker*  Ptoducuon  will 
▼ary  with  the  season,  specie,  and  condition  of  the  wood* 


lllMStratioBS  sImw  tha  laadfaig  sad  wnleadiag  eparstiem  and  the  barked  legs  after 
riiay  have  bean  Ibrevgh  tba  MUtCO-Adams<lark  Partabla  Barker. 


l^D.  J.  MURRAY  MANUFAerURING  CO.^^ 
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